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General Introduction 



Analog Devices designs, manufactures and sells worldwide 
sophisticated electronic components and subsystems for use in 
real-world signal processing. More than six hundred standard 
products are produced in manufacturing facilities located through- 
out the world. These facilities encompass all relevant technologies, 
including several embodiments of CMOS, BiMOS, bipolar and 
hybrid integrated circuits, each optimized for specific attributes 

- and assembled products in the form of potted modules, printed- 
circuit boards and instrument packages. 

State-of-the-art technologies have been utilized (and in many 
cases invented) to provide timely, reliable, easy-to-use advanced 
designs at realistic prices. Our popular IC products are available 
in both conventional and surface-mount packages (SO, LCC, 
PLCC) and many of our assembled products employ surface-mount 
technology to reduce manufacturing costs and overall size. More 
than twenty years of successful applications experience and 
continuing vertical integration insure that these products are 
oriented to user needs. The ongoing application of today's state-of- 
the-art and the invention of tomorrow's state-of-the-art processes 
strengthen the leadership position of Analog Devices in standard 
data-acquisition and signal-processing products and make us a 
strong contender in high-performance mixed-signal ASICs. 

MAJOR PROGRESS 

Since publication of the selection guides in the 1986 supplement 
to our 1984 Data Acquisition Databook, more than 120 significant 
new products have been introduced; they run the gamut from 
brand new product categories and technologies to new standard 
products (with improvements in price, performance, or design) 
to augmented second-source products. They are all classified 
and summarized in these Volumes, along with existing products 
that are desirable for use in new designs. 

Among the landmark new linear products are high-accuracy op 
amps - such as the ultralow-offset-and-drift AD707, wideband 
transconductance op amps - both monolithic (AD5539) and 
hybrid (AD9611) and the 60-femtoampere AD549 electrometer 

- using ADI's patented Top-Gate FET process. Other new 
high-performance monolithic devices include the fast, accurate 
AD9686 comparator, the AD625 software-programmable-gain 
amplifier, the innovative AD693 4-to-20mA sensor transmitter, 
the AD834 ultimate analog multiplier, plus the AD9521 r-f log 
devices and the AD890/891 data-recovery chip set. Also of note 
are the 5B Series of compact modular isolated signal-conditioners, 
the AD210 high-performance isolator and the IB series of 
DIP-packaged signal conditioners - all of which employ auto- 
mated surface mount assembly for compactness, low cost and 
high reliability. 



THE 1988 LINEAR PRODUCTS DATABOOK 

This Volume provides complete technical data on Analog Devices 
"linear" products - designed to process, condition and otherwise 
operate on analog signals with analog results. One of a set of 
three volumes, it is accompanied by the DSP Products Databook, 
dedicated to products for high-performance digital signal-proc- 
essing (i.e. , digital-to-digital) and the Conversion Products Databook, 
which covers products involved in spanning the interface between 
analog and digital. 

The product data in this book is intended primarily for the 
majority of users who are concerned with new designs. For this 
reason, those existing and available products that offer little if 
any unique advantage over newer products in future designs are 
included in the Index and their data sheets are available from us 
separately - but they aren't published in this book. 

This book includes: 

• Comprehensive data sheets on more than 160 significant product 
families; 

• Orientation material and selection guides for rapid product 
finding; 

• A representative list of available Analog Devices technical 
publications on real-world analog and digital signal- 
processing; 

• Worldwide Service Directory; and 

• Product Index to all three volumes. 

TECHNICAL SUPPORT 

Our extensive technical literature discusses the technology and 
applications of products for precision measurement and control. 
Besides tutorial material and comprehensive data sheets, including 
a large amount in our Databooks, we offer Application Notes, 
Application Guides, Technical Handbooks (at reasonable prices), 
and several free serial publications; for example. Analog Productlog 
provides brief information on new products being introduced, 
and Analog Dialogue, our technical magazine, provides in-depth 
discussions of new developments in analog and digital circuit 
technology as applied to data acquisition, signal processing, 
control and test. DS Patch is a quarterly newsletter that brings 
its readers up-to-date applications information on our DSP 
products and the general field of digital signal processing. We 
maintain a mailing list of engineers, scientists, and technicians 
with a serious interest in our products. In addition to Databook 
catalogs, we also publish several short-form catalogs on specific 
product families. You will find Technical Publications described 
on pages 17-6 and 17-7 at the back of the book. 
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SALES OFFICES 

Backing up our design and manufacturing capabilities and our 
extensive array of publications is a network of sales offices and 
representatives throughout the United States and most of the 
world. They are staffed by experienced sales and applications 
engineers, and many of them maintain a local stock of Analog 
Devices products. Our Worldwide Service Directory, as of the 
publication date, appears on pages 17-8 and 17-9 at the back of 
the book. 

RELIABILITY 

The manufacture of reliable products is a key objective at Analog 
Devices. The primary focus is the company wide Quality Im- 
provement Process (QIP). In addition, we maintain facilities 
that have been quahfied under such standards as MIL-M-38510 
for ICs in the U.S. and Ireland and MIL-STD-1772 for hybrids. 
More than 20 of our products - both proprietary and second-source 
- have qualified for JAN part numbers; others are in the process. 
A larger number of products - including many of the newer 
ones just starting the JAN qualification process - are specifically 
characterized on Standard Military Drawings (SMDs). Most of 
our ICs are available in versions that comply with MIL-STD-883C 
Class B. We publish a Military Products Databook for designers 
who specify ICs and hybrids for mihtary contracts (the 1987 
issue contains data on nearly 150 available product families). A 
newsletter. Analog Briefings, provides current information about 
the status of reliability at ADI. 



Our PLUS program makes available standard devices (commercial 
and industrial grades, plastic or ceramic packaging) for any user 
with demanding application environments, at a small premium. 
Subjected to stringent screening, similar to MIL-STD-883 test 
methods, they are often suffixed "/ + " and are available from 
stock. 

PRODUCTS NOT FOUND IN THE SELECTION 
GUIDES 

For maximum usefulness to designers of new equipment, we 
have limited the contents of selection guides to products most 
likely to be used for the design of new circuits and systems. If 
the model number of a product you are interested in is not in 
the Index, turn to page 17-4 at the back of this volume where 
you will find a list of older products for which data sheets are 
available upon request. On page 17-5 you will find a guide to 
substitutions (where possible) for products no longer available. 

PRICES 

Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices. 
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HIGH SPEED AMPLIFIERS 













Load 


Supply 


Offset 


Minimum 








GBWP 


Slew Rate 


Settling Time 


Current 


Current 


Voltage 


Stable 






Model 


MHz 


V/jis 


ns 


to % 


mA 


mA 


mV 


Gain 


Page 


Notes 


AD5539 


1400 


600 


12 


1 


20 


14 


3 




2-183 




AD849 


750 


300 


65 


0.1 


35 


5 


0.5 


25 


2-181 




AD846 


450 


450 


110 


0.01 


50 


5 


0.075 




2-165 


Transimpedance amplifier 


AD840 


400 


400 


110 


0.01 


50 


14 


0.5 


10 


2-157 




AD9611 


280 


2100 


13 


0.1 


50 


25 


0.5 




2-207 


Transimpedance amplifier 


AD848 


175 


300 


65 


0.1 


35 


5 


0.5 




2- 179 




AD9610 


100 


3500 


20 


0.1 


50 


25 


0.5 




2- 199 


Transimpedance amplifier 


HOS-050 


100 


300 


80 


0.1 


100 


20 


15 




2-245 




HOS-060 


100 


300 


80 


0.1 


100 


20 






2-251 




AD842 


80 


3)5 


110 


0.01 


100 


17 






2-161 




ADLH0032 


70 


500 


300 


0.1 


50 


20 






2-215 


FET input, external compensation 


AD841 


40 


300 


110 


0.01 


50 


16 






2- 159 




AD847 


50 


300 


65 


0.1 


35 


5 


0.5 




2-177 




AD380 


40 


330 


250 


0.01 


60 


12 






2-15 


FET input, external compensation 


AD507 


35 


35 


900 


0.1 


20 


4 




10 


2-27 




AD509 


20 


120 


500 


0.1 


_ 


6 


8 




2-31 




AD845 


16 


100 


300 


0.01 


50 


10 


0.25 




2-163 


FET input 


AD744 


13 


75 


500 


0.01 


10 


3.5 


0.25 




2-137 


FET input, dual available 


AD381 


5 


30 


750 


0.1 


10 


5 


1 




2-21 


FET input 


AD382 


5 


30 


750 


0.1 


50 


6 


1 
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FET input 



UNITY GAIN BUFFERS 



Model 



-3dB Load 

Bandwidth Slew Rate Current 

MHz V/fjis mA 



Supply Offset 

Current Voltage 

mA mV 



HOS-200 
HOS-lOO 
ADLH0033 



200 
125 
100 



1600 
1500 
1500 



100 
100 
100 



15 
15 
20 



10 

5 
5 



2-257 
2-255 
2-219 



PRECISION AMPLIFIERS 

(low Vos> low drift, high dc gain) 





Offset 


Offset 


Bias 


Open-Loop 












Voltage 


Drift 


Current 


Gain 


Slew Rate 


GBWP 






Model 


^V 


IJiWrC 


nA 


kVA^ 


V/^s 


MHz 


Page 


Notes 


AD707 


15 


0.1 


1 


13000 


0.3 


0.9 


2-103 


Dual available 


ADOP-07 


25 


0.6 


2 


3000 


0.17 


0.6 


2-223 




ADOP-37 


25 


0.6 


40 


1000 


17 


63 


2-237 


Decompensated AD OP-27 


ADOP-27 


25 


0.6 


40 


1000 


2.8 


8 


2-229 


Low noise 


AD517 


50 


1.3 


1 


1000 


0.1 


_ 


2-41 




AD821 


250 


3 


0.01 


300 


3 


1.3 


2- 153 


Single-supply, low power 


AD548 


250 


2 


0.01 


300 


1 


- 1 


2-55 


Low power, dual available 


AD547 


250 


1 


0.025 


250 


3 


1 


2-47 


Dual available 
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LOW INPUT CURRENT AMPLIFIERS 





Input 


Offset 


Offset 


Open-Loop 










Current 


Voltage 


Drift 


Gain 


Slew Rate 


GBWP 




Model 


pA 


mV 


fivrc 


kVA^ 


V/»jis 


MHz Page 


Notes 


AD549 


0.06 


0.25 


5 


300 


3 


1 2-63 




AD515A 


0.075 


1 


15 


40 


0.3 


0.35 2-35 




AD548 


10 


0.25 


2 


300 


1 


1 2-55 


Dual available 



LOW COST, GENERAL PURPOSE OPERATIONAL AMPLIFIERS 





Offset 


Offset 


Bias 


Open-Loop 






Settling 








Voltage 


Drift 


Current 


Gain 


Slew Rate 


GBWP 


Time 






Model 


mV 


iji\rc 


nA 


kV/V 


V/jAS 


MHz 


to 0.01% 


Page 


Notes 


AD711 


2. 


20 


0.05 


200 


20 


4 


Vs 


2-107 


Dual, quad available 


AD548 


2 


20 


0.025 


200 


1 


1 


8jxs 


2-55 


Dual available 


ADOP-07 


0.15 


2.5 


12 


1000 


0.17 


0.6 


- 


2-223 




AD544 


2 


20 


0.05 


30 


13 


2 


3^s 


2-47 


Dual available 


AD542 


2 


20 


0.05 


100 


3 


1 


- 


2-47 


Dual available 


AD741 


6 


- 


500 


20 


0.5 


1 


- 


2-133 





DUAL OPERATIONAL AMPLIFIERS 





Offset 


Offset 


Bias 


Open Loop 






Settling 








Voltage 


Drift 


Current 


Gain 


Slew Rate 


GBWP 


Time 






Model 


mV 


iKwrc 


nA 


kVA^ 


V/jjis 


MHz 


to 0.01% 


Page 


Type 


AD642 


0.5 


5 


0.035 


250 


3 


1 


_ 


2-75 


DualAD542 


AD644 


0.5 


5 


0.035 


50 


13 


2 


_ 


2-81 


DualAD544 


AD647 


0.25 


1 


0.025 


250 


3 


1 


- 


2-87 


DualAD547 


AD648 


0.25 


2 


0.01 


300 


1 


1 


- 


2-93 


DualAD548 


AD708 


0.03 


0.3 


1 


13000 


0.3 


0.9 


_ 


2-105 


DualAD707 


AD712 


0.25 


3 


0.035 


200 


20 


4 


Ijxs 


2- 119 


DualAD711 


AD746 


0.25 


3 


0.06 


200 


60 


13 


500ns 


2- 149 


DualAD744 



QUAD OPERATIONAL AMPLIFIERS 



Model 



Offset 


Offset 


Bias 


Open-Loop 






Settling 


Voltage 


Drift 


Current 


Gain 


Slew Rate 


GBWP 


Time 


mV 


yiWrC 


nA 


kV/V 


V/JAS 


MHz 


to 0.01% 



Page 



Notes 



AD713 



0.25 



0.035 



200 



20 



l|xs 



2-131 QuadAD711 
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Orientation 

Operational Amplifiers 



The amplifiers listed in this volume are intended to provide 
cost-effective solutions to the bulk of op-amp requirements in 
precision measurement and control, as well as to more general 
requirements in electronic circuits. The technical data included 
here* cover the properties of more than 40 op amp families, 
comprising about 100 distinct types. Some are general purpose; 
others provide near optimum performance for specific classes of 
application. 

They differ in a variety of ways, for example, circuit technology, 
circuit architecture, package type and contents, input properties, 
output properties, operating temperature range and in terms of 
the many performance specifications. Most are monolithic ICs, 
including precision and high-speed dual devices; some are hybrid 
ICs. 

The IC and hybrid amplifiers catalogued in this volume are 
available in a broad choice of packaging styles, temperature 
ranges, and performance grades. If your application calls for 
versions of these products that have been processed in accordance 
with MIL-STD-883, a wealth of relevant information can be 
found in the latest edition of the Military Products Databook, 
available free upon request from Analog Devices. 

BACKGROUND 

The operational amplifier is today the most widely used analog 
subassembly. It is safe to say that its basic properties and appli- 
cations are sufficiendy understood by most circuit designers and 
builders. However, the basis for choice, the subtleties of using 
op amps in circuits for best results (especially in precision meas- 
urement and control) and the varieties of possible applications 
are less clearly understood by op amp users, in varying degrees. 

In these few pages, we shall address the question of making a 
proper choice of op amp type for an application, in relation to 
the extensive array of device properties presented in the data 
sheets that follow. 

For those users requiring basic tutorial material, and detailed 
information on getting the most out of op amps, we have provided 
on page 2-14 a bibliography th^t should make available up to 
99% of information needed now and then, with "fanout" to the 
vast body of literature that - with some redundancy - will provide 
the remainder. Analog Devices' op-amp data sheets are an excellent 
source of pertinent information. 

SELECTION PRINCIPLES 

In selecting the right device for a specific application, you should 
have clearly in mind your design objectives and a firm under- 
standing of what published specifications mean. Beyond this, 
you should detail the significant variables that are pertinent to 
your application. The purpose of this section is to put these 
many decision factors into perspective to help you make the 
most meaningful buying decisions. 



To make a proper choice of an operational amplifier for any 
given set of requirements, the designer must have: 

1. A complete definition of the design objectives. 

Signal levels, closed-loop gain, accuracy desired, bandwidth 
requirements, circuit impedance, environmental conditions 
and other factors must be well defined before selection can 
be effectively undertaken. 

2. Firm understanding of what the manufacturer means by the 
numbers published for the parameters. 

Two manufacturers may have comparable published specifi- 
cations, but they may have been arrived at using differing 
measurement techniques. This creates a pitfall in op amp 
selection. To avoid these difficulties, the designer must know 
what the published specifications mean and how these pa- 
rameters are measured and then must be able to translate 
these published specifications in terms meaningful to the 
design requirements. 

There are three fundamental aspects to the rational selection of 
an operational ampUfier for a given application: (1) establishing 
the circuit architecture, (2) defining the performance levels and 
(3) choosing the amplifier(s). 

1. To obtain a circuit building block to implement a defined 
functional job, the principal choices are either to purchase a 
committed functional device or to design a circuit employing 
op amps to perform the function. For example, to obtain a 
difference between two voltages, one may either purchase an 
instrumentation or isolation amplifier or design a suitable 
subtraction circuit using Op amps. If a committed functional 
building block, with appropriate specs and price, is not avail- 
able, the circuit designer must start by developing schematic 
diagrams of circuits that will perform the function simply 
using "ideal" operational amplifiers. Many commonly used 
circuits can be found in textbooks, "cookbooks" and linear 
circuit books as well as in application notes and data sheets. 

2. Recognizing that the choice of an op amp depends on both 
the overall circuit requirements and the characteristics of 
available op amps, the designer should interpret the desired 
overall performance in terms of the parameters of op amps 
and establish acceptable ranges of parameters and their variation 
with time, temperature, supply voltage, etc. Examples of the 
key parameters are the input offset voltage, input bias and 
offset currents, and the high frequency performance and 
transient behavior of the op amp block (and its effect on the 
closed-loop circuit) for large and small signals. It will be 
helpful to develop an application checklist which includes 
such considerations as the character of the input signals and 
their impedance, the output load, the desired accuracy - 
static and dynamic - and the environmental conditions. 

3. The designer must then relate acceptable performance of the 
op amp building block to the specifications and prices of 
available devices from preferred suppliers, bearing in mind a 
firm understanding of the way in which manufacturers define 
their specifications and how definitions can differ in a way 
that may be misleading. A set of definitions used by Analog 
Devices follows this discussion. 



*In addition to the products listed here, which are recommended for new 
designs, a number of older products are still available (see page 17-4); 
data sheets are available upon request. 
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APPLICATION CHECKLIST 

By way of an application checklist, the designer will need to 
account for the following: 

Character of the application: The character of the application 
(inverter, follower, differential amplifier, etc.) will often influence 
the choice of amplifier. For example, an adjustable-gain wideband 
application may call for a transimpedance op amp to keep bandwidth 
independent of gain setting. 

Accurate description of the input signal: It is extremely important 
that the input signal be thoroughly characterized. Is the input a 
voltage source or current source? Range of amplitude? Source 
impedance? Time/frequency characteristics? 

Environmental conditions: What is the maximum range of tem- 
perature, time and supply voltage over which the circuits must 
operate (to the required accuracy) without readjustment? 

Accuracy desired: The accuracy requirement determines the 
extent to which the foregoing considerations are critical, and 
ultimately points the way to a device (or series of devices) which 
are acceptable. Accuracy must, of course, be defined in terms 
meaningful to the application with regard to bandwidth, dc 
offset and other parameters. 

SELECTION PROCESS 

In general, the objective of ampUfier selection should be to 
choose the least expensive device which will meet the physical, 
electrical and environmenal requirements imposed by the appli- 
cation. This suggests that a "General Purpose" amplifier will be 
the best choice in all applications where the desired performance 
requirements can be met. Where this is not possible, it is generally 
because of limitations encountered in two areas - bandwidth 
requirements and/or offset and drift parameters. 

To make it easier to relate bandwidth requirements with the 
drift and offset characteristics, a capsule view of bandwidth 
considerations precedes the dc discussion below. The reader is 
then returned to an expanded discussion of gain bandwidth 
considerations. 

Gain Bandwidth Considerations, A Capsule View 

Although all selection criteria must be met simultaneously, 
determination of the bandwidth requirements is a logical starting 
point because: 

1 . If dc information is not of interest, a suitable blocking capacitor 
can be connected at the amplifier input and/or output and all 
of the "drift" specifications may usually be ignored, and 

2. Where high frequency (> lOMHz) characteristics are of primary 
importance, the choice will be limited to those amplifiers 
designated "Wide Bandwidth/Fast Settling." 

Where dc information is required and where frequency require- 
ments are relatively modest (full power response below lOOkHz, 
unity gain bandwidth of less than 1.5 MHz) other criteria will 
probably influence the final choice. It is important, however, to 
choose an amplifier with which an adequate value of loop gain is 
assured (at the maximum frequency of interest) to obtain the 
desired accuracy. Loop gain is the excess of open-loop gain over 
closed-loop gain, and is responsible for the diminishing error 
due to fluctuations in the open-loop gain due to time, temperature, 
etc. For example, if the closed-loop gain is 1,000, the open-loop 



gain must be at least 100,000 to yield an error of no more than 
1%, and 1,000,000 to yield an error no greater than 0.1%. Where 
undistorted response is required, the specifications for full linear 
response and slewing rate should be chosen such that they are 
not exceeded at the highest frequency of operation. 

Most operational amplifiers are voltage-to- voltage amplifiers. 
However, for wide bandwidth applications, it is often useful to 
consider applying a class of current-to-voltage amplifiers called 
transimpedance amplifiers. They are characterized by transresistance 
(AVo/A/,) instead of gain (AVo/AVi). Unlike voltage amplifiers, 
with their high input impedance, transimpedance amplifiers 
have low (ideally zero) input impedance in order to minimize 
the gain-error voltage developed by their input current. Such 
amplifiers tend to be characterized by high slewing rates and 
high closed-loop bandwidth. In contrast to the constant gain x 
bandwidth of most voltage amplifiers, the closed-loop bandwidth 
of a transimpedance amplifier is essentially independent of closed- 
loop gain - as long as the feedback resistance is kept constant 
when the gain is adjusted. 

Offset and Drift Considerations 

In the majority of op amp applications, final selection is determined 
by the dc offset and drift characteristics. To undertake amplifier 
selection in these cases, it is necessary to translate the requirements 
Usted above as follows. (It is assumed that bandwidth requirements 
and temperature range have been established at this point.) 

1 . What input impedance must the circuit present to the signal source? 
This depends primarily on the source impedance, R^, and 
the amount of loading error which is acceptable. Most amplifier 
circuits are designed around the inverting and noninverting 
circuits of Figure 1 . The choice is often made between the 
two to accommodate the impedance requirement. Input 
impedance for the inverting circuit is approximately equal to 
the summing impedance, R„ and the upper limit on the 
magnitude of R, is determined by the allowable drift error 
because of input bias current as discussed below. The nonin- 
verting circuit offers inherently higher input impedance than 
the inverting circuit (due to "bootstrapping" feedback), and 
in this case input impedance is approximately equal to the 
common-mode impedance of the ampHfier Rcm- 

2. How much drift error can be tolerated? The question is related 
to the input signal level, e^, and the required accuracy. For 
example, to amplify or otherwise manipulate a dc input signal 
of one volt with an accuracy of 0.1%, the offset drift error, 
Vd, must be one millivolt or less. (This assumes that other 
sources of error such as input loading, noise and gain error 
have already been allowed for.) By the same reasoning, the 
allowable drift error for a 1 volt signal and 0.01% accuracy 
would be 100|jlV. 

When this has been defined, the allowable limits of offset 
voltage (Cos), bias current (ib) and difference current can be 
calculated by the equations of Figure 1 . 

Figure 1 gives the equations which relate offset voltage (Cos)? 
bias current (ib), difference current (id) and the external circuit 
impedances to the drift error, Vd, for both the inverting and the 
noninverting circuits. From these equations it can be seen how 
the input impedance requirements of the foregoing paragraphs 
are related to the drift error. 
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and Rs « R, 



For Re = R, Rf/(R, + Rf) 



and Rs « R, 



Signal Input Drift Error = Vj 

^v-'^ y . 

Signal Input Drift Error = Vj 

Input Impedance Rim '^ H, 
% Drift Error = ^!°°^ 



Figure la. inverting Configuration 




Go = -^-p — - Us + eos + lb Rs] for Rc = 
Signal Drift Error = Vd 

eo = -^-p Us + Bos + Id Rs] for Rc = Rs 

Signal Drift Error = Vj 
Input Impedance R|n % Rcm 



R. R2 
R, + R2 



% Drift Error 



TOOVd 



and this will always be less than the input impedance, Rj, of the 
inverter. Input impedance of the noninverter (approximately 
Rcm) is typically 10^ ohms even for the least expensive bipolar 
amplifiers and up to 10^^ ohms for FET types. 

Unfortunately, however, the noninverting configuration cannot 
always be used since it is not convenient to use for many circuit 
functions such as integration or summation. A further limitation 
occurs in high accuracy applications where common-mode errors 
may rule out this circuit configuration. Transimpedance amplifiers 
in the noninverting configuration have high dynamic input 
impedance, but they must be driven from a source that can 
furnish the input current. This rules out the possibility of unloading 
some high impedance sources but still permits a single amplifier 
to be used for noninverting gains (as always, it is helpful to 
consult the data sheet). 

Initial offsets can usually be zeroed at room temperature so that 
only the maximum temperature excursion (AT) from + 25°C 
need be considered. For example, over the range of - 25°C to 
+ 85°C, the maximum temperature excursion (AT) from + 25°C 
would be 60°C. As a practical matter, offset errors due to supply 
voltage and time drift can generally be neglected since errors 
due to temperature drift are usually much greater. 

Current Amplifier Considerations 

Before leaving the subject of offset errors, we shall discuss 
briefly the current amplifier configuration which is shown in 
Figure 2a. The obvious approach to measuring current is to 
develop a voltage drop across a load resistor, Rf, and to measure 
this potential with a high impedance amplifier as shown in 
Figure 2b. 




Figure lb. Noninverting Configuration 



eo = -Rf[.s^ eos(-gi^) .ib] 

Signal Drift error = le 
Input Impedance R,m = {^^) (tTat) 

where 1/^=1 + MRsj^ ^ ^rift Error = '-^ 
"s "d 's 



For example, in the case of the inverting circuit, an offset error 
voltage, ibRi, is generated by the bias current flowing through 
the summing impedance. This error increases for increasing Ri. 
Since Ri also sets the input impedance, there is a conflict between 
high input impedance and low offset errors. Likewise, for a 
given offset error, higher values for Ri can be used with an 
amplifier which has lower bias current. 

Where it will otherwise function properly, the noninverting 
circuit generally makes a better choice for high input impedance 
circuits. Also, for the same source and input impedance require- 
ment, a given amphfier will generate lower offset errors for the 
noninverting circuit than for the inverting circuit. This is so 
because the bias current flows only through Rg for the noninverter 



Figure 2a. Current Amplifier 




fio = Rf Is + eos + ib Rf for Rj > Rf 



Signal Drift Error = Vj 
Input Impedance R|n ^ Rf 
. lOOVd 



% Drift Error = 



Rf is 



Figure 2b. Voltage Amplifier with Sampling Resistor 
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This approach has several disadvantages as compared to the 
circuit of Figure 2a. First, the nonin verting amplifier intro- 
duces common-mode errors which do not occur for Figure 2a. 
Second, an ideal current meter would have zero impedance 
whereas Rf in Figure 2b may become very large since this resistor 
determines the sensitivity of the measurement. Third, the changes 
of input impedance. Rem? for the noninverting amplifier with 
temperature will cause variable loading on Rf and hence a change 
in sensitivity. 

The current amplifier of Figure 2a circumvents all of these 
difficulties and approaches an ideal current meter; that is, there 
is essentially no voltage drop across the measuring circuit, since 
with enough open-loop gain, A, the input impedance Rin becomes 
very small. 

In selecting a current amplifier, the most important consideration 
is current noise, and bias current drift. Measuring accuracy is 
largely the ratio of current noise and drift to signal current, ij,. 
To obtain the drift of error current I^ referred to the input, use 
the following expression. 



AL 



["Aeps/ Rf + Rs V Aiel 
" [ AT\ RfRs j^ ATJ 



AT 



Now, to make a proper selection you must pick an amplifier 
with an error current, I^, over the operating temperature which 
is small compared to the signal current, is. Do not overlook 
current noise which may be more important than current drift 
in many applications. 

Gain Bandwidth Considerations, Expanded Discussion 

From the previous discussion, it is apparent that most general 
purpose operational amplifiers will usually give adequate per- 
formance for dc and audio-frequency-range appHcations. However, 
amplifiers having unity-gain bandwidth above 2MHz, full power 
response above 20kHz and slewing rate above 6V/|xs, in general, 
require special design techniques. AmpHfiers with wideband, 
fast response characteristics have been listed in the Wide 
Bandwidth group to simplify the selection for higher frequency 
applications. 

One factor often overlooked is that stray capacitance and impedance 
levels of the external feedback circuit can be the major limitation 
in high frequency applications. For example, in Figure la, if Rf 
were one megohm, and stray capacitance, Cs, were one picofarad, 
then the closed-loop bandwidth would be limited to 160kHz 
(l/(27rRFCs)) regardless of how fast the amplifier is. Moreover, 
output slewing rate will be limited by how fast Cs can be charged, 
which in turn is related to signal level, Cg, and input impedance, 
R„ by deo/dt= — e^/RjCs- For these reasons it is usually not 
possible to obtain both fast response and high input impedance 
for an inverting circuit since both R, and Rf must be large to 
obtain high input impedance. 

Another advantage of the noninverting circuit (Figure lb) is 
that input impedance, being determined by potentiometric feed- 
back, is independent of the impedance levels for Ri and R2. 
Therefore, a low impedance can be used for R2 so that stray 
capacitance of Cs will not limit the circuit's bandwidth. In this 
case the minimum value for R2 is constrained only by the 
output current rating of the amplifier. Again the trade-off 
between the frequency response and input impedance of the 



inverting and noninverting circuits must be evaluated in light of 
the common-mode rejection error (with frequency) introduced 
by the noninverter. 

For greater emphasis, wideband applications can be separated 
into categories - steady state and transient. Since the amplifier 
requirements for the two are somewhat different, these categories 
will be discussed separately. 

STEADY STATE APPLICATIONS 

Steady state applications involve amplifying or otherwise man- 
ipulating continuous sinusoidal, complex or random waveforms. 
In these applications the significant issues in choosing an amplifier 
are as follows: 

1. Is dc coupling required? If dc information is of no consequence, 
then the offset drift errors are not usually important and a 
capacitor can be used if necessary to block the output dc 
offset. Your only concern here is that dc offset at the output 
does not become so large, as might be the case with a high 
gain stage, that the output is saturated or the dynamic swing 
for ac signals is limited. One way to circumvent the latter 
problem is to use feedback to limit the gain at dc as shown 
in Figure 3. The gain of this kind of circuit can be small at 
dc but large at high frequencies. 




t 

R2 + R4 


n _ R2R4 
' R2 + R4 


^y^\ 


R, 





Figure 3. DC Feedback Minimizes Output Offset 
for AC Applications 

What closed-loop gain and bandwidth are required? Closed loop 
gain, G, is dictated by the appHcation. For V/V amplifiers, 
to a first approximation the intersection of the open- and 
closed-loop gain curves in Figure 4 gives the closed loop 
bandwidth, fd ( — 3dB). For high gain, wideband requirements, 
it may be necessary, or more economical, to use two amplifiers 
in cascade each at lower gain. For transimpedance amplifiers, 
fci changes little over a wide range of gain as set by the choice 
ofRi. 

What loop gain is required or alternatively what gain stability, 
output impedance and/or linearity are necessary? The available 
loop gain at a particular frequency or over a range of frequencies 
is very often more important than closed-loop bandwidth in 
selecting an amplifier. Loop gain as illustrated in Figure 4, is 
defined as the difference, in dB, or as the ratio, arithmetically, 
of the open- to closed-loop gain (Ap = A/G). You will find in 
most of the equations defining the closed-loop characteristic 
of a feedback (V/V) amplifier that the loop gain (Ap) is the 
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determining factor in performance. Some of the more notable 
examples of this point are as follows: 



OPEN LOOP GAIN A 




CLOSED LOOP 
BANDWIDTH-fci 



Figure 4. Closed Loop Bandwidth and Loop Gain 

a. Closed-loop gain stability = AG/G 

AG/G = (AA/A) [1/(1 -I- AP)] where AA/A is the open-loop 
gain stability, usually about \%rC. 

b. Closed-loop output impedance = Zoci = Zo/(l+Ap), where 
Zo is the open-loop output impedance, usually 200 to 5,000 
ohms. 

c. Closed-loop nonlinearity = Lci = Loi/(l +Ap), where Loi is 
the open-loop linearity error, usually less than 5%. 

Loop gain of 100, or 40dB, is adequate for most applications, 
and this is readily achievable at dc and low frequencies. But 
note that loop gain decreases with increasing frequency which 
makes it difficult to obtain large loop gains at high frequencies. 
For this reason it may be necessary to use a lOMHz unity gain 
amplifier in order to obtain adequate feedback over a lOkHz 
bandwidth. 

4. Wliat full power response and/or slew rate are required? 
You should examine your expected output waveform and 
select an amplifier whose slewing rate, with the expected 
capacitive output load, exceeds the maximum rate of change 
of output signal. For a sinusoidal waveform with a peak 
voltage output equal to the rated amplifier output the frequency 
shoidd not exceed fp, the full power response of the amplifier. 
As the output signal voltage is reduced below the rated output 
voltage, the usable maximum frequency can be extended 
proportionately. If you do not observe these restrictions, you 
will get distortion and unexpected dc offsets at the output of 
the amplifier. 

For some monolithic ampUfier designs intended for high-gain 
and wide-bandwidth applications, their frequency response is 
not a simple 6dB roll-off; the response may be shaped with 
external RC components for improved performance at lower 
closed-loop gains. Using feedforward or phase lag compensation 
networks, gain-bandwidth product and/or full power response 
may be shaped to meet varying design requirements. Most 
internally compensated VA^ op amps offer a stable 6dB per 
octave roll-off with specified unity gain-bandwidth and slew rate 
thereby limiting maximum speed and response to those published 
specifications. 




Figure 5. Typical Settling Time Characteristics 

TRANSIENT APPLICATIONS 

In applications such as A/D and D/A converters and pulse am- 
plifiers, the transient response of the wideband amplifier is generally 
more important than the gain bandwidth characteristic described 
above. Slewing rate, overload recovery and settling time are the 
specifications which determine the transient response. 

When applying the high frequency amplifier, it is important to 
understand how amplifier performance is affected by component 
selection as well as impedance levels used around the ampUfier. 

Settling Time 

Settling time is defined as the time elapsed from the application 
of a perfect step input to the time when the amplifier output 
has entered and remained within a specified error band symmetrical 
about the final value (Figure 5). Settling time therefore includes 
the time required for the amplifier to slew from the initial value, 
recover from slew rate Umited overload, and settle to a given 
error in the linear range. 

The time and frequency response of a linear, bilateral network 
or amplifier are related by well know mathematics. For example, 
the step response for a well behaved, ideally linear, 6dB/octave 
amplifier with a closed-loop bandwidth of oid is shown in 
Figure 6. 

However, since settling time is determined by a combination of 
amplifier characteristics (both linear and nonlinear) and because 
it is a closed-loop parameter, it cannot be readily predicted from 
the open-loop specifications such as slew rate, small signal band- 
width, etc. 

Analog Devices specifies settUng time for the condition of unity 
gain, relatively low impedance levels and no capacitive loading 
(unless otherwise indicated). A full-scale step input is used to 
determine settling time and the step is generally unipolar - i.e., 
from zero to plus or minus full scale. The settling time indicated 
is generally the longest time resulting from a step of either 
polarity and is given as a percentage of the full-scale step 
transition. 

Settling time is a nonlinear function. It varies with the input 
signal level and it is greatly affected by impedances external to 
the amplifier. 
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ERRORS DUE TO NOISE 

A major criterion in the selection of an amplifier for low level 
signals is the amphfier input noise, since this is usually the 
limiting factor on system resolution. In the general case, amplifier 
noise can be characterized by a voltage source in series with the 
summing junction and a current source in parallel with the 
summing junction. Whenever high source impedance is encoun- 
tered, current noise flowing through the source impedance will 
appear as an additional voltage noise, combining with the amplifier 
voltage noise. The sum of these noise sources will then be amphfied 
along with the desired signal. For this reason, selection of a 
particular amplifier must consider both the amplifier noise per- 
formance as well as the source impedance. 



of resistances in other bandwidths can be calculated by re- 
membering that the noise is proportional to the square root 
of the resistance and the bandwidth; i.e. 

e„ (rms) = (40nV/V^) [ Vj^ (^W) ) 



2. To convert the rms noise to a p-p value, a conversion factor 
of 6.6fxV p-p/fxV rms is applied for less than 0.1% probability 
of noise peaks exceeding calculated limits. 

3. The total rms noise contribution due to several noise sources 
is determined by the square root of the sum of the squares: 




Figure 6. Step Response for Linear 6dB/0ctave Amplifier 

Consideration must also be given to noise sources other than the 
amphfier whenever determining total system noise. RF and digi- 
tal noise may be fed into an amplifier through any connecting 
wire, including power supply and output leads. Adequate shielding 
and low-pass filters on all incoming leads will greatly reduce 
noise pickup. 

Thermal noise is generated in any conductor or resistor as a 
result of thermal agitation of the electrons. This noise voltage 
source, sometimes referred to as "Johnson Noise," is generated 
in the resistive component of any impedance and has a value: 

e„ = V4kTBR 



where Cn = the rms value of the noise voltage 

k = Boltzman's Constant (1.38 x 10^^ joules/K) 
T = absolute temperature of the resistance, K 
B = the bandwidth in which the noise is measured 

Since noise is related to the bandwidth over which the measurement 
is made, no noise specification is meaningful unless the bandwidth 
for the specification is given. Although the thermal noise equation 
may appear unwieldy, for practical noise calculations, all that is 
required to enable rapid approximations is to apply a few simple 
rules of thumb. 

Rules of Thumb 

1. Remember that a lOOkO resistor generates 40nV rms in a 
IHz bandwidth. The noise voltages generated by other values 



Vca' + Cb' + e,' + 



If any noise source is less than a third of another, it may be 
neglected. The resulting error will be less than 5%. 

4. Restricting the bandwidth of a system to the minimum usable 
and using the lowest impedances possible are ways to reduce 
noise. 

DESIGN EXAMPLE 

Figure 7a illustrates a typical circuit with noise calculations 
shown for each noise source. The total of the noise sources is 
obtained by adding each of the individual sources in a rms 
fashion. 




R|N 

Rs 
Rf 



CAUSE 
Johnson Noise 
Johnson Noise 
Johnson Noise 
Amp Current Noise 
Amp. Current Noise 
Amp Voltage Noise 



OUTPUT CONTRIBUTION 
V4kTBR||y | {Rf/R|n) 
v/4kTBRs (Rf/Rin + 1) 
V^kTBRp 
'n,RF 

OnzRsXRF/RiN + D 
en{RF/RiN + 1) 



TOTAL NOISE =V<eR,N G)^ +[eRs (G + 1)]^ +e^Rp +[(•„, Rf)^+[(i„2 Rs) (G+ ig^ +[e„ (G+ 1)]^ 

Figure 7a. Noise Components 

Figure 7b illustrates how the Rules of Thumb may be applied 
in a practical case to approximate the total output noise. 
In this example, a low noise type amphfier (AD OP-37) is 
being used with a SOkH source impedance. The two major noise 
sources, in addition to the AD OP-37's input voltage noise of 
0.18|jlV p-p, are the Johnson noise (59|jlV p-p) and current 
noise (83pA p-p). 
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GAIM = 100 

BW = 0.01 TO 10Hz I— W\ 

Rs = 50kn es^O ^°'*" 

Rf = 10kS2 -^^ 

RiN = loon 




-I 



1) RESISTOR NOISE Rp -^ 13nV/\/H2 

R,N -* (1 3nV/ \Aiz 

Rs -» (28nV/VHi) 101 = 2 8(aV/VT?z 
TOTAL RESISTO R NOIS E IN 10Hz BW = 

(2 SfxV/VHz) {\/T0Hz) 6.6nV p-p/^iV rms = 59fxV p-p 

2) AMPLIFIER CURRENT NOISE <83pAp-p)(50k) (101) = 422^V(Rs) 

(83pA p-p) (10k) = 8|xV (Rp) 

3) AMPLIFIER VOLTAGE NOISE (0 18Vp-p)(101) = 18 2(jiVp-p 

TOTAL OUTPUT NOISE = \/{422)^ + (59)^ +(18 2)^ +(0 18)^ = 426fiV p-p 



Figure 7b. Design Example 

HOW THE OPERATIONAL AMPLIFIERS ARE 
CLASSIFIED 

To assist the designer in distinguishing among the many types 
available from Analog Devices, we have provided a Selection 
Guide in which amplifiers are grouped in terms of common 
properties which have been optimized in order to satisfy the 
needs of specific classes of applications. Once the choice has 
been narrowed to the manageable number of types in any group, 
distinctions can be drawn in terms of other requirements or 
considerations. 

Temperature Range and Nomenclature: Analog Devices operational- 
amplifier nomenclature uses suffixes to permit ready identification 
of the temperature range for which device operation to meet 
critical specifications has been designed or selected. The most 
popular range comprises the "commercial" temperatures from 
to 70°C; it is designated by suffixes such as J, K, L, M, in 
order of increasingly tighter specs (e.g., AD549L). Also popular 
is the "extended" range, - 55°C to + 125°C, designated by S, 
T, U, (e.g., AD510S); not all families have types with specified 
performance in this range. There are a few types designed for 
operation in the "industrial" range, -25°C to + 85°C, designated 
by A, B. Wide-range types will generally meet the same or 
better specs in a narrower temperature range. A few types are 
second-sources for products originally introduced by other manu- 
facturers. In those instances, the generic nomenclature is used 
(AD741C) or enlarged upon, if superior selections are offered 
(e.g., AD741L). 

SELECTION GUIDES 

Seven Selection Guides classify operational amplifiers within 
these categories: 

High-Speed Amplifiers 

Unity-Gain Buffers 

Precision Amplifiers (low Voss low drift, high dc gain) 

Low-Input-Current AmpUfiers 

Low-Cost, General-Purpose Op Amps 

Dual Op Amps 

Quad Op Amps 

The choice of category depends on which class of specifications 
is most critical. Within these categories, the selection guides 
provide comparisons of salient specifications. 



These selection areas are pretty broad; they include various 
criteria, not all of which are central to the application. For 
example, if one is seeking a high-input-impedance amplifier for 
an ac application, voltage offset and drift may be far less critical 
than bias current, and both of these may be unimportant compared 
to bandwidth. 

With the hope that it will be found useful, the following interpretive 
list identifies the best device choices in a variety of categories: 

(At the extremes of performance are the fastest op amps and the 
highest-precision op amps.) 

The fastest op amps include those having 

• the highest slewing rates, - the hybrid AD9610 (3,500V/|jls) 
and AD9611 (2,100V/|xs), and the monolithic AD5539 
(600V/|xs) 

• the lowest settling time - the monohthic CB (complementary 
bipolar) AD840/841/842/846 (110ns to ±0.01%), the hybrid 
AD9610 and AD9611 (20ns and 13ns to 0.1%) and (again) 
the AD5539 (12ns to 1.0%) 

• the highest gain-bandwidth - the AD5539 (l,400MHz) and 
the CB AD849 (725MHz) and AD840 (400MHz) 

High-speed op amps are characterized by high slewing 
rates, fast settling time and wide bandwidth. Fast settling 
time is especially important in applications with rapidly 
changing or switched analog data in buffers, D/A conver- 
ters, and multiplexer circuits; wide small-signal bandwidth 
is important in preamplification and in handling low-level 
wideband ac signals; high slewing rate is associated with 
fast settling time and is also important in handling ac 
signals having large magnitudes with minimum distortion 
since the large-signal bandwidth is closely related to the" 
slewing rate. 

ICs using the proprietary Analog Devices CB (com- 
plementary bipolar) process contain wideband PNP and 
NPN transistors that have similar characteristics - without 
the use of dielectric isolation. Since poor frequency 
response of lateral PNPs is the source of the bandwidth 
limitation in conventional linear bipolar processes, CB 
devices can have much faster response. 

The highest-precision monolithic op amp families include those 
having 

• the grades with the lowest untrimmed offset voltage- the AD707 
(ISjjlV) and AD OP-07/27/37 (25fjLV) 

• the lowest bias current - the revolutionary electrometer op amp 
using top-gate-FET inputs, the AD549 (60 femtoamperes) 

• the lowest drift - the AD707 (lOOnVrC) 

• the highest open-loop gain (hence highest accuracy as an integrator 
and high-gain amplifier) - again the AD707! (13 x lO^V/V) 
and the CB FET-input AD821 (3 x lO^V/V - also capable of 
single-supply operation) 

• the highest common-mode rejection - once again the AD707 
(130dB), followed by the AD OP-27/37 (114dB) and the AD 
OP-07(110dB) 

Precision op amps (in this list) include those emphasizing 
• Low bias current and high input impedance. These types 
use the inherently high input impedance and low leakage 
current of junction field-effect transistors (FETs) to deal 
with configurations that measure low currents or involve 
high resistance values. Applications range from general 
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purpose high-impedance circuitry to integrators, current- 
to-voltage converters, and log-function generation, to 
measurements with high-impedance transducers such as 
photomultipliers, flame detectors, pH cells and radiation 
detectors. 
• High accuracy through low offset and drift voltage, low 
voltage noise, high open-loop gain, and high common- 
mode rejection (CMR). Such types are used for high- 
accuracy instrumentation, low-level transducer circuitry, 
precision voltage comparison, and impedance buffering. 

All FET-input op amps from Analog Devices are 
conservatively manufactured to meet their published 
bias-current specifications after full warmup (some man- 
ufacturers specify initial current, which is lower than 
warmed-up bias current). Our published max bias-current 
specification applies to either input (some manufacturers 
call "bias current" the average of the two input 
currents). 

For applications needing high, but not extreme, performance or 
where high speed and high precision must be combined, there are a 
number of device families to be considered. For example, 

• the complementary-bipolar AD846 family combines low offset 
voltage (200|xV) with high slewing rate (400V/|xs) 

• the AD744 BiFET family combines low input bias current (50pA) 
with low settling time (500ns to 0.01%) 

• the AD OP-37 family combines low drift (600nV/°C) with wide 
gain bandwidth (63MHz) 

• the hybrid AD381/382 combine 50pA bias current with 0.75|xs 
settling time (to 0. 1%) and 50mA output-current range 

Fast amplifiers, which often boast output current ranges of 
50mA or 100mA, include families with 

• high slewing rate - the CB monolithic AD846 (400V/fjLs) and 
AD840/841/842 (400/300/375V/^jls), and the hybrid ADLH0032 
(500V/|xs), AD380 (330V/|xs), and HOS-060 (300V/|jls) 

• low settling time - the monolithic AD847/848/849 (65ns to 
0.1%) and hybrid HOS-050 (80ns to 0.1%, 200ns to 0.01%), 
and the AD845 and AD744 families (300ns and 500ns to 
0.01%) 

• wide gain-bandwidth - the monolithic AD 848 (250MHz) and 
the hybrid AD9611 (280MHz) and HOS-050/060 (lOOMHz) 

High-precision monolithic amplifier families start with lower 
grades of the highest-precision families; beyond this, they include 
the 

• low-dnft AD OP-07/27/37 families (600nV/°C) 

• high-gain AD OP-07 (3 x 10^) and AD OP-27/37 (1 x 10^) 

• high-CMR AD821 (90dB); low-Vos AD846 (200|xV) and a 

• wide selection of low-bias-current FET-input op amps - the 
AD821 and AD548 (lOpA), and the AD711 (25pA) 

Many of these devices are duplicated in a single package; for 
example, 

• the AD712 is a dual AD711 

• the AD746 is a dual AD744 

• the AD648 is a dual AD548 

• the AD708 is a dual AD707 

• the AD713 is a quad version of the AD711 

Also included in this section are buffers, wideband amplifiers 
having slightly less than unity gain, low output impedance and 
high output-current availability (100mA). Although they can 



stand alone, a more frequent use is inside-the-loop as a "booster" 
amplifier to magnify the output power capability of any op amp 
or reduce the dynamic output impedance without losing precision. 
A typical example is the HOS-lOO, which can follow slewing 
rates of up to 1,500V/jjls with a full-power frequency of 125MHz 
and deliver voltages up to ± 12V and currents up to ± 100mA. 

DEFINITIONS OF SPECIFICATIONS 

Absolute Maximum Differential Voltage 

Under most operating conditions, feedback maintains the error 
voltage between inputs to nearly zero volts. However, under 
overload conditions or between applications, such as voltage 
comparators, the voltage between the inputs can be large. This 
specification defines the maximum voltage which can be applied 
between inputs without causing permanent damage to the 
amplifier. 

Common-Mode Rejection 

An ideal operational amplifier responds only to the difference 
voltage between inputs (e^ -e~) and produces no output for a 
common-mode voltage, that is, when both inputs are at the same 
potential. However, due to slightly different gains between the 
plus and minus inputs, or variations in offset voltage as a function 
of common-mode level, common-mode input voltages are not 
eliminated at the output. If the output error voltage, due to a 
known magnitude of common-mode voltage, is referred to the 
input (dividing by the closed-loop gain), it reflects the equivalent 
common-mode error voltage (CME) between the inputs. Common- 
mode rejection ratio (CMRR) is defined as the ratio of common- 
mode voltage to the resulting common-mode error voltage. 
Common-mode rejection is usually expressed logarithmically: 
CMR (in dB) = 20 logjo (CMRR). 

The precise specification of CMR is complicated by the fact that 
the common-mode voltage error can be a highly nonlinear function 
of common-mode voltage and also varies with temperature. As a 
consequence, CMR data published by Analog Devices are average 
figures, assuming an end-point measurement over the common- 
mode range specified. The incremental CMR about small values 
of common-mode voltage may be greater than the average CMR 
specified but decrease and become less in the neighborhood of 
large CMV. Published CMR specifications for op amps pertain 
to low-frequency voltages, unless specified otherwise: CMR 
decreases with frequency. 

Common-Mode Voltage, Maximum 

For differential-input amplifiers, the voltage at both inputs can 
swing about ground (power-supply common) level. Common-mode 
voltage is defined as any voltage (above or below ground) that 
could be observed at both inputs. The maximum common-mode 
voltage is defined as that voltage which will produce less than a 
specified value of common-mode error. This establishes the 
maximum input voltage for the voltage-follower connections. 

Drift vs. Supply 

Offset voltage, bias current and difference current vary as supply 
voltage is varied. Usually, dc errors due to this effect are negligible 
compared to drift with temperature. No inference may be drawn 
from this low-frequency specification concerning the effects of 
rapid variation of voltage at the supply terminals. 
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Drift vs. Temperature 

Offset voltage, bias current and difference current all change, or 
"drift," from their initial values with temperature. This is by 
far the most important source of error in most precision applica- 
tions. The temperature coefficients (tempcos) of those parameters 
are all defined as the average slope over a specified temperature 
range. Drift can be a nonlinear function of temperature (though 
it is often quite linear over limited temperature range); the 
slopes generally are greater at the extremes of temperature than 
around normal ambient ( + 25°C), which generally means that 
for small temperature excursions in the vicinity of + 25°C, the 
specification is conservative. 

Analog Devices precision operational amplifiers are specified by 
three- (or more) point measurements, at 25°C and at the high 
and low extremes of the range (Th, Tl), with the amplifier 
adjusted to zero at room temperature. The sum of the magnitudes 
of the drift in the two ranges must be less than the specified 
drift rate ((xV/^C or nA/°C) multiplied by the total temperature 
range (modified "butterfly"), or, in some cases, the magnitude 
of the drifts in both ranges must be less than the specified drift 
rate multiplied by the respective temperature ranges ("true 
butterfly"). 



True Butterfly Spec 
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The lowest-cost second-source IC amplifiers are specified only 
in terms of the maximum value of the parameter (e.g., offset 
voltage) over temperature in the specified range. 

Drift vs. Time 

Offset voltage, bias current and difference current change with 
time as components age. It is important to realize that drift with 
time is random and rarely - if ever - accumulates linearly for 
healthy devices. For example, voltage drift might be quoted at 
ISjxV/month, whereas cumulative drift might not exceed SOjxV 
in a year. A convenient rule of thumb for extrapolation is to 
divide the drift for a stated interval by the square root of its 
ratio to any other interval of interest. 

FulUPower Response 

The large-signal and small-signal response characteristics of 
operational amplifiers differ substantially. An amplifier's output 
will not respond to large signal changes as fast as the small-signal 
bandwidth characteristics would predict, primarily because of 
slew-rate limiting in the output stages. Full-power response is 
specified in two ways: full linear response and full peak response. 
Full linear response is specified in terms of the maximum fre- 
quency, at unity closed-loop gain, for which a sinusoidal input 
signal will produce full output at rated load without exceeding a 
predetermined distortion level. There is no industrywide accepted 



value for the distortion level which determines the full-linear- 
response limitation, but unless otherwise noted, we use 3% as a 
a maximum acceptable limit. 

In many applications, the distortion caused by exceeding the 
full linear response can be comfortably ignored, but a more 
serious effect (often overlooked) is an effect equivalent to dc 
offset voltage that can be generated when full linear response is 
exceeded, due to rectification of the asymmetrical feedback 
waveform or overloading of the input stage by large distortion 
signals at the summing junction. 

Another frequency response that is often of interest is the maximum 
frequency at which full output swing may be obtained, irrespective 
of distortion. This is termed "full peak response" and can often 
be found in a plot of output voltage swing vs. frequency. 

Initial Bias Current 

Bias current is defined as the current required at either input 
from an infinite source impedance to drive the output to zero 
(assuming zero common-mode voltage). For differential amplifiers, 
bias current is present at both the negative and the positive 
input. All Analog Devices specifications pertain to the larger of 
the two, not the average. 

Analog Devices specifies initial bias current, lb, as the bias 
current at either input, specified at + 25°C ambient with the 
input junctions at normal operating temperature. (Some manufac- 
turers specify initial bias current at power turn-on. Such 
specifications may be misleading. For example, in FET-input 
amplifiers, bias current is doubled for each 10°C increase; since 
junction temperatures may warm up to 20°C or more above 
ambient, the "initial bias current" specs used by some manufac- 
turers may be met only during a brief interval after the power is 
burned on, and lb may be quadrupled under ordinary operation 
conditions.) 

Initial Difference Current 

Difference current is defined as the difference between the bias 
currents at the two inputs. Uncompensated input circuitry of 
differential amplifiers is generally symmetrical, so that bias 
currents at both inputs tend to be equal and tend to track with 
changes in temperature and supply voltage. Therefore, difference 
current is often about 0. 1 times the bias current at either input, 
assuming that initial bias current has not been compensated 
internally at the input terminals. For amplifiers in which bias 
currents track, it is often possible to reduce voltage errors due 
to bias current and its variations by the use of equal impedance 
loads at both inputs. 

Input Impedance 

Differential input impedance of voltage-input op amps is defined 
as the impedance between the two input terminals at + 25°C, 
assuming that the error voltage is nulled or very near zero volts. 
To a first approximation, dynamic impedance can be represented 
by a capacitor in parallel with a resistor. 

Common-mode impedance, expressed as a resistance in parallel 
with a capacitance, is defined as the impedance between each 
input and power-supply common, specified at + 25°C. For most 
circuits, common-mode impedance on the negative input has 
little significance, except for the capacitance which it adds at the 
summing junction (one exception is electrometer circuitry). 
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However, common-mode impedance on the plus input sets the 
upper limit on closed-loop input impedance for the noninverting 
configuration. Common-mode impedance is a nonlinear function 
of both temperature and common-mode voltage. For FET-input 
amplifiers, common-mode resistance is reduced by a factor of 
two for each 10° of temperature rise. As a function of common- 
mode voltage, the resistive component is defined as the average 
resistance for a common-mode change from zero to the maximum 
common-mode voltage. Incremental resistance may be less than 
the specified average value, especially at full-scale for some 
FET-input amplifiers. 

Input Offset Voltage 

Offset voltage is defined as the voltage required at the input 
from zero source impedance to drive the output to zero; its 
magnitude is measured by closing the loop (using low values of 
resistance) to establish a large fixed gain, measuring the amplified 
error at the output and dividing the measured value by the gain. 

The initial offset voltage is specified at + 25°C and rated supply 
voltage. In most amplifiers, provisions are made to adjust initial 
offset to zero with an external trim potentiometer. 

Input Noise 

Input voltage- and current-noise characteristics can be specified 
and analyzed in much the same way as offset-voltage and bias- 
current characteristics. In fact, long-term drift can be considered 
as noise which occurs at very low frequencies. When evaluating 
noise performance, bandwidth or period must be considered. 
Also rms noise from different sources is summed by root-sum-of- 
squares, rather than linear, addition. Depending on the ampUfier 
design, noise may have differing characteristics as a function of 
frequency, being dominated by "1/f noise," resistor noise or 
junction noise, at various frequencies. 

For this reason, several noise specifications are given. Low- 
frequency noise in the band 0.01 to 1 Hz (or 0.1 to lOHz) is 
specified as peak-to-peak, with a 3.3ct uncertainty, signifying 
that 99.9% of the observed peak-to-peak excursions will fall 
within the specified Hmits. Wideband noise is specified as rms. 
For some ampUfiers types, spectral-density plots or "spot noise," 
at specific frequencies, in jxV/vHz or pA/VHz, are provided. 

Open-Loop Gain 

Open-loop gain is defined as the ratio of a change of output 
voltage to the voltage applied between the amplifier inputs to 
produce the change. Gain is specified at dc. In many applications, 
the frequency dependence of gain is important; for this reason, 
the typical open-loop gain as a function of frequency is published 
for each amplifier type. See also unity gain small-signal response. 

For transimpedance amplifiers, since the input is a current and 
the output is a voltage, the "gain" is expressed in ohms 
{R = V/r). Because small changes in current cause large voltage 
changes, the transimpedance can be quite large - e.g., lOOMO 
for the AD846. As long as the amplifier's internal input impedance 
is very low, errors in closed-loop circuitry depend principally on 
the ratio, Rp/Rr, relative to unity - where Rp is the feedback 
resistance and Rfis the transimpedance. It will be recalled that, 
in VA^ op amps, the increase in error depends mainly on Rp/(ARj), 



where A is the open-loop gain and Rj is the resistance of the 
external input resistor. The significant difference is that, as gain 
or transresistance decreases with increasing frequency, the error 
in transimpedance-amplifier circuits is independent of Rj; hence 
closed-loop gain can be increased by reducing Rj without sub- 
stantially affecting bandwidth. 

Overload Recovery 

Overload recovery is defined as the time required for the output 
voltage to recover to the rated output voltage from a saturated 
condition caused by a 50% overdrive. Published specifications 
apply for low impedances and contain the assumption that over- 
load recovery is not degraded by stray capacitance in the feedback 
network. 

Rated Output 

Rated output voltage is the minimum peak output voltage which 
can be obtained at rated current or a specified value of resistive 
load before clipping or out-of-spec nonlinearity occurs. Rated 
output current is the minimum guaranteed value of current supplied 
at the rated output voltage (or other specified voltage). Load 
impedances less than the specified (or implied) value can be 
used, but the maximum output voltage will decrease, distortion 
may increase, and the open-loop gain will be reduced. (All models 
are short-circuit protected to ground, and many are safe against 
shorts to the supplies.) 

Settling Time 

Settling time is defined as the time elapsed from the application 
of a perfect step input to the time when the amplifier output 
has entered and remained within a specified error band symmetrical 
about the final value. Settling time, therefore, includes the time 
required: for the signal to propagate through the amplifier, for 
the amplifier to slew from the initial value, recover from slew-rate 
hmited overload (if it occurs) and settle to a given error in the 
linear range. It may also include a "long tail" due to the time 
required to reach thermal equilibrium, or the settling time of 
compensation circuits. Settling time is usually specified for the 
condition of unity gain, relatively low impedance levels, and no 
(or a specified value of) capacitive loading, and any specified 
compensation. A full-scale unipolar step input is used, and both 
polarities are tested. 

Although settling time can generally be grossly inferred from 
the other amplifier specifications (an amplifier that has extra-wide 
small-signal bandwidth, extra-fast slewing and excellent full-power 
response may reasonably - but not always - be expected to have 
fast settling), the settling time cannot usually be rationally pre- 
dicted from the other dynamic specifications. 

Slewing Rate 

The slewing rate of an amplifier, usually in volts per microsecond 
(V/|JLs), defines the maximum rate of change of output voltage 
for a large input step change. 

Unity-Gain Small-Signal Response 

Unity-gain small-signal response is the frequency at which the 
open-loop gain (or its projection on a Bode plot) falls to IV/V, 
or OdB under a specified compensation condition. For amplifiers 
having 6 dB-per-octave roUoff, this frequency is also called 
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unity-gain bandwidth; for such amplifiers, the gain-handwidth 
product is essentially constant. "Small signal" indicates that, in 
general, it is not possible to obtain large output voltage swing at 
high frequencies because of distortion due to slew-rate limiting 
or signal rectification. 

For amplifiers with symmetrical response for signals applied to 
either input, the dynamic behavior will be consistent for both 
inverting and noninverting configurations. However, if feed- 
forward compensation is used, fast response will be available 
only on the negative input, restricting fast applications of the 
device to the inverting mode. 

For amplifiers having 6 dB-per-octave roUoff, this frequency is 
also called unity-gain bandwidth; for such amplifiers, the gain- 
bandwidth product is essentially constant. 
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$5.95. Analog Devices, Box 796, Norwood, MA 02062 

Operational Amplifier Circuits, Theory and Applications, by 
E.J. Kennedy, New York, Holt, Rinehart and Winston, 
Inc., 1988 

Operational Amplifiers and Linear ICs, by R.F. Coughlin and 
F.F. Driscoll, Prentice-Hall, Third Edition, 1987. Practical 
textbook 



Operational Amplifiers, Theory and Practice, by J.K. Roberge, 
J. Wiley & Sons, 1975. Authoritative book on op amp 
principles and circuitry: contains extensive material on 
compensation to optimize dynamic performance 

Transducer Interfacing Handbook, edited by D.H. Sheingold, 
1980. $14.50. Analog Devices, Box 796, Norwood, MA 02062 



ARTICLES AND APPLICATION NOTES (Available upon 
request; ask for specific issue of Analog Dialogue) 

"AmpHfier Noise Basics Revisited," Analog Dialogue 18-1, 
1984 

"Analog Signal Handling for High Speed and Accuracy," by 
A. P. Brokaw, Analog Dialogue 11-2 

"An IC Amplifier User's Guide to Decoupling, Grounding, and 
Making Things Go Right for a Change," by A. P. Brokaw, 
Application Note 

"Applications of High-Performance BiFET Op Amps," 
Application Note 

"Avoiding Passive-Component Pitfalls," Analog Dialogue 17-2, 
1983 

"Current Inverter with Wide Dynamic Range," by Barrie 
Gilbert, Analog Dialogue 9-1, 1975 

"How to Select Operational Amplifiers," Application Note 

"How to Test Operational Amplifier Parameters," Application 
Note 

"Laser-Trimming on the Wafer, A Powerful New Tool for 
ICs," by R. Wagner, Analog Dialogue 9-3, 1975 

"Shielding and Guarding," by Alan Rich, Analog Dialogue 
17-1, 1983 

"Simple Rules for Choosing Resistor Values in Adder- 
Subtractor Circuits," by D. Sheingold, Analog Dialogue 
10-1, 1976 

"Understanding Interference-Type Noise," by Alan Rich, 
Analog Dialogue 16-3, 1982 
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ANALjOG 
DEVICES 



Wideband, Fast-Settling 
FET-lnput Op Amp 



AD380 



FEATURES 

High Output Current: 50mA @ ±10V 

Fast Settling to 0.1%: 130ns 

High Slew Rate: 330V/|jis 

High Gain-Bandwidth Product: 300MHz 

High Unity Gain Bandwidth: 40MHz 

Low Offset Voltage (ImV for AD380K, L, S) 



AD380 FUNCTIONAL BLOCK DIAGRAM 



OFFSET 
NULL 
/ 
INVERTING 
INPUT 
\ 
NONINVERTING 
INPUT 



NC = NO CONNECT 



-^NC .^>.NC 

M2^ FREQUENCY 

(rh COMPENSATION 




■\ 



9) OUTPUT 
Q OFFSET 



NULL 



TOP VIEW 



PRODUCT DESCRIPTION 

The AD380 is a hybrid operational amplifier that combines the 
low input bias current advantages of a FET input stage with the 
high slew rate and line driving capability of a fast, high power 
output amplifier. 

The AD380 has a slew rate of 330V/jjls and will output ± lOV at 
±50mA. A single external compensation capacitor allows the 
user to optimize the bandwidth, slew rate, or setthng time for 
the given application. 

A true differential input ensures equally superior performance 
in all system designs whether they are inverting, noninverting, 
or differential. 

The AD380 is especially designed for use in applications, such 
as fast A/D, D/A and samphng circuits, that require fast and 
smooth settling and FET input parameters. 

The AD380 is offered in three commercial versions, J, K and L 
specified from to + 70°C and one extended temperature version, 
the S, specified from -55°C to + 125°C. All grades are packaged 
in hermetically sealed TO-8 style cans. 



PRODUCT HIGHLIGHTS 

1. The AD380's high output current (50mA (® ± lOV) makes it 
suitable for driving terminated 200(1 twisted pairs. 

2. The fast settling output (250ns to 0.01%) makes the AD380 
an ideal choice for video A/D and D/A converters and sample 
and hold applications. 

3. The settling wave forms are not only fast but are also very 
smooth. The absence of large overshoot and oscillations 
makes the AD380 a very predictable and dependable system 
element. 

4. The high gain-bandwidth product (300MHz) ensures low 
distortion in high frequency applications. 

5. Quick, symmetrical overdrive recovery time (250ns) is assured 
by an internal antisaturation diode. This is useful in applications 
where large transient signals may occur. 

6. The precision input (ImV offset, max), along with fast settling 
and high current output make the AD380 an excellent choice 
for: 

• ATE pin drivers 

• precision coax buffers 

• signal conditioning on pulse waveforms 

• high resolution graphics displays. 
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OrtUinUH 1 lUllO (typical @ +25<^C and Vs = 


±15V dc unless otherwise specified) 




MODEL 


AD380JH 


AD380KH 


AD380LH 


AD380SH 


OPEN LOOP GAIN 










VouT= ±10V,noload 


40,000 min 


* 




* 


VouT= ±10V,RL>200n 


25,000 min 


* 




* 


OUTPUT CHARACTERISTICS 










Voltage @ Rl = 2000, Ta = min to max 


±12V(±10Vmin) 


* 




* 


Output Impedance (Open Loop) 


loon 


* 




* 


Short Circuit Current 


100mA 


it 




* 


DYNAMIC RESPONSE 










Unity Gain, Small Signal 


40MHz 


* 




* 


Gain-Bandwidth Product, f= 100kHz,Cc= IpF 


300MHz (200MHz min) 


* 




* 


Full Power Response 


6MHz 


• 




* 


Slew Rate, Cc = IpF, 20V Swing 


330VVs(200V/jxsmin) 


* 




* 


Settling Time: lOV Step to 1% 


90ns 


* 




• 


lOV Step to 0.1% 


130ns 


* 




• 


lOV Step to 0.01% 


250ns 


250ns (400ns max) 


** 


** 


INPUT OFFSET VOLTAGE 


2.0mVmax 


l.OmVmax 


** 


•* 


vs . Temperature ^ T a = mm to max 


50^jiV/°Cmax 


20fjiV/°Cmax 


lOfxV/Xmax 


50M-V/°Cmax 


vs. Supply 


ImVA^max 


* 




* 


INPUT BIAS CURRENT 










Either Input, Initial^ 


lOpA(lOOpAmax) 


* 




• 


Input Offset Current 


5pA 


* 




• 


INPUT IMPEDANCE 










Differential 


10'>ft||6pF 


* 




* 


Common Mode 


10''n||6pF 


* 




* 


INPUT VOLTAGE RANGE 










Differential^ 


±20V 


* 




• 


Common Mode 


±12V(±10Vmin) 


* 




* 


Common Mode Rejection, Vin = ± lOV 


60dBmin 


* 




* 


POWER SUPPLY 










Rated Performance 


±15V 


• 




* 


Operating 


±(6to20)V 


* 




• 


Quiescent Current 


12mA (15mA max) 


* 




* 


VOLTAGE NOISE 










O.lHztolOOHz 


3.3M-Vp-p(0.5fjLVrms) 


* 




* 


lOOHztolOkHz 


6.6^-Vp-p(l|JLVrms) 


* 




* 


lOkHztolMHz 


40jA,Vp-p(6jJiVrms) 


* 




• 


TEMPERATURE RANGE 










Operating, Rated Performance 


Oto+70°C 


* 




-55°Cto + 125°C 


Storage 


-65°Cto + 150°C 


* 




* 


Thermal Resistance Oja 


100°C/W 


* 




* 


e,c 


70°C/W 


• 




* 


PACKAGE OPTION^ 










TO-8 Style 


H-12A 


* 


* 


* 



NOTES 

'Input Offset Voltage Drift is specified with the offset voltage unnulled. 

Nulling will induce an additional 3|jLV/°C/mV of offset nulled 
^Bias Current specifications are guaranteed maximum at either input at 

TcASE = +25°C. For higher temperatures see Figure 16. 
^Defined as the maximum safe voltage between inputs such that neither 

exceeds ± lOV from ground. 



"^See Section 16 for package outline information 
♦Specifications same as AD380JH 
♦♦Specifications same as AD380KH. 
Specifications subject to change without notice. 
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Figure 1. Open Loop Frequency 
Response 
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Figure 2. CMRR vs. Frequency 
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Figure 3. PSRR vs. Frequency 
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Figure 4. Slew Rate vs. 
Differential Input Voltage 
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Figured. Slew Rate vs. 
Compensation Capacitor 
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SETTLING TIME - 



Figure 6. Output Settling Time vs. 
Output Voltage Swing and Error 
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Figure 7. Settling Time vs. 
Closed Loop Gain 



Figure 8. Gain vs. Temperature 



Figure 9. Gain vs. Supply Voltage 
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CASE TEMPERATURE -X 
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Figure 10. Supply Current vs. 
Temperature 



Figure 1 1. Supply Current vs. 
Supply Voltage 



Figure 12. Isc ^s. Temperature 
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SUPPLY VOLTAGE - 



Figure 13. Power Dissipation 
vs. Temperature 



Figure 14. Input Bias Current vs. 
Common Mode Voltage 



Figure 15. Input Bias Current vs. 
Supply Voltage 
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Figure 16. Input Bias Current 
vs. Temperature 



Figure 17. Offset Voltage vs. 
Temperature 



Figure 18. Input Voltage Range vs. 
Supply Voltage 
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LOAD RESISTANCE - II 



Figure 19. Output Voltage Swing vs. 
Supply Voltage 



Figure 20. Output Voltage Swing vs. 
Load Resistance 



Figure 2 1. Large Signal Frequency 
Response 
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Figure 22. Recommended Compensation 
Capacitor vs. Closed Loop Gain 



Figure 23. Input Noise Voltage 
Spectral Density 
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Figure 24a. Overdrive Reco very 
Test Circuit 
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Figure 24b. Overdrive Recovery 
Response (Symmetrial 20ns 
Version Available) 



Figure 25a. Unity Gain Inverter 
Settling Time Test Circuit 



Figure 25b. Unity Gain In verter 
Large Signal Response 
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Figure 25c. Unity Gain In verter 
Small Signal Response 
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Figure 26a. Unity Gain Buffer Circuit 



Figure 26b. Unity Gain Buffer 
Large Signal Response 



Figure 26c. Unity Gain Small 
Signal Response 



APPLICATIONS INFORMATION 

Compensation Capacitor 

For low gain applications a 5pF to 27pF capacitor between the 
frequency compensation input (pin 1 1) and the output (pin 9) 
will reduce the risk of oscillation by adding phase margin. A 
compensation capacitor is especially needed when driving capaci- 
tive loads. For gains greater than 30 a IpF compensation capacitor 
is recommended; see Figure 22. 

For unity gain buffer applications it may be necessary to add a 
small (lOpF to 20pF) capacitor between pins 8 and 10 for improved 
phase margin; see Figure 26a. 



Offset Null 

If the initial offset voltage is not low enough for the user's ap- 
plication offset nulling is required. To null the offset tie a 20kn 
potentiometer between the offset null pins (pins 2 and 8). The 
wiper of the potentiometer is tied to the positive supply. With 
the analog input signal to the circuit grounded, adjust the 
potentiometer for zero output. 

To minimize the effects of offset voltage drift as a function of 
temperature, null the offset at the midpoint of the operating 
temperature range. For example, if the operating environment is 
0°C to 70°C do the offset nulling at 35°C. This will insure a 
maximum offset voltage drift of 35 times the Vqs drift specification 
at either temperature extreme. 
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.DIGITAL 
OUTPUTS 



Typical Circuits 



lOkll 

Vino — wsr- 
Ri 
INPUT 10k« 

GROUND( 



'Optional Differential Input Components Used to Reject 
Noise Between Input Ground and the A/D Analog Ground 



Figure 27. Fast-Settling Buffer 

Its quick recovery from load variations makes the AD380 an 
excellent buffer for fast successive approximation A/D 
converters; see Figure 27. 

Many high speed A/D converters require a wideband buffer that 
can hold a constant output voltage under dynamically-changing 
load conditions that fluctuate at the bit decision rate. 



DIGITAL 
INPUTS 



Figure 28. 12-Bit Voltage Output DAC Circuit Settles to 
1/2LSB in 300ns 

The AD565A 12-bit digital to analog converter with an AD380 
output amplifier will give a voltage output that typically settles 
to within 1/2LSB in less than 300ns. Total settling time is the 
root mean square of the DAC current output settling time and 
the output amplifier settling time. 
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Figure 29. CMOS DAC Output Amplifier 

CMOS DAC output amphfiers require low offset voltage op 
amps. The output impedance of CMOS DACs varies with input 
code. This can cause a code dependent error term at the output 
that approaches the op amps' offset voltage. If the DAC has a 
differential nonlinearity of 1/2LSB, it will require an output 
ampHfier with less than 1/2LSB offset error to remain monotonic. 
An LSB for a 12-bit DAC such as the AD7545 is 2.44mV (10 
volts full scale/4096). Thus, the AD380KH, with only ImV 
offset maximum, will contribute less than 1/2LSB to differential 
linearity error. 



V,nO 




Figure 30. Video Amplifier 

The high output current capability of the AD380 makes it suitable 
for video speed driver applications. In the circuit above the 
closed loop gain of 70 (37dB) is available over a bandwidth of 
5MHz. Note that a IpF compensation capacitor is required in 
this high gain application. 
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□ 



ANALOG 
DEVICES 



High Speed, Low Drift 
FET Operational Amplifiers 



AD381/AD382 



FEATURES 

High Slew Rate 30V/m,s 

Fast Settling to 0.1%: 700ns 

High Output Current: 50mA for AD382 

(10mA for AD381) 
Low Drift (5|AVrC-L Grades) 
Low Offset Voltage (250|jiV-L Grades) 
Low Input Bias Currents 
Low Noise (2|jiV p-p) 



AD381 PIN CONFIGURATION 




OFFSET NULL 



•KEEP THIS LEAD AS SHORT AS POSSIBLE 
TOP VIEW 



PRODUCT DESCRIPTION 

The AD381/AD382 are hybrid operational amplifiers combining 
the very low input bias current advantages of a FET input stage 
with high slew rate and line driving capability of a high power 
output stage. 

The offset voltage (0.25mV maximum for the L grades) and 
offset voltage drift (SjjiV/X maximum for the L grades) are 
exceptionally low for high speed operational amplifiers. 

In addition to superior low drift performance, the AD381 and 
AD382 offer the lowest guaranteed input bias currents of any 
wideband FET amplifier with lOOpA max for the J grades of 
each and 50pA max for the AD382 K, L and S grades. Since 
Analog Devices, unlike most other manufacturers, specifies 
input bias current with the amplifiers warmed-up, our FET 
amplifiers are specified imder actual operating conditions. 

The AD381 and AD382 are especially designed for use in appU- 
cations, such as precision high speed data acquisition systems 
and signal conditioning circuits, that require excellent input 
parameters and a fast, high power output. 

The AD381 and AD382 are offered in three commercial versions, 
J, K and L specified from to + 70°C, and one extended tem- 
perature version, the S specified from - 55''C to + US^C. All 
grades are packaged in hermetically sealed metal cans. 

PRODUCT HIGHLIGHTS 

1. Laser trinmiing techniques reduce offset voltage drift to 
SjjlV/^C max and reduce offset voltage to only 250^lV max on 
the L grade versions. 

2. Analog Devices FET processing provides lOOpA max (20pA 
typical) bias currents specified after 5 minutes of warm-up. 



AD382 PIN CONFIGURATION 



OFFSET _0^ ^/'-N \ 

INVERTING/ ~ 

INPUT V 




*KEEP THIS LEAD AS SHORT AS POSSIBLE 
TOP VIEW 



3. Internal frequency compensation, low offset voltage, and full 
device protection eliminate the need for external components 
and adjustments. This reduces circuit size and complexity 
and increases rehability. 

4. The fast settling output (700ns to 0.1%) makes the AD381 
and AD382 ideal for D/A and A/D converter amplifier 
appUcations. 

5. The AD382's high output current (50mA minimum at ± 10 
volts) makes it suitable for driving terminated (200ft) twisted 
pair cables over the commercial temperature ranges. 

6. The high slew rate (30V/(jls) and high gain bandwidth product 
(5MHz) make the AD381 and AD382 an ideal choice for 
sample and holds and for high speed integrator circuits. 
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SPECIFICATIONS m^ 



@ +25t and Vs = ±15V dc unless othenivise 





AD381JH 


AD381KH 


AD381LH 


AD381SH 


Model 


AD382JH 


AD382KH 


AD382LH 


AD382SH 


OPENLOOPGAIN 










VouT = ± 10V,RL>2kft(AD381) 


60,000 min 


100,000 min 


** 


*• 


VouT = ± lOV, Rl = 200n (AD382) 


25,000 min 


35,000 min 


** 


** 


RL=10kft(AD382) 


100,000 min 


150,000 min 


** 


** 


OUTPUT CHARACTERISTICS (AD382) 










Voltage @RL = 200n 


±12V(±10Vmin) 


* 


* 


Notel 


Voltage@RL=10kn 


± 13V (± 12V min) 


* 


* 


* 


Short Circuit Current, Continuous 


80mA 


* 


* 


• 



OUTPUT CHARACTERISTICS (AD381) 

Voltage @ Rl = Ikft, Ta = min to max ± 12V ( ± lOV min) 

Voltage @ Rl = 2kft , Ta = min to max ± 12V ( ± lOV min) 

Voltage @ Rl = lOkft, Ta = min to max ± 13V ( ± 12V min) 

Short Circuit Current, Continuous 20mA 



Note 2 



DYNAMIC RESPONSE 

Unity Gain, Small Signal 

Full Power Response 

Slew Rate, Unity Gain 

Settling Time: lOV Step to 0.1% 
lOV Step to 0.01% 



5MHz 

500kHz 

30V/M,s(20V/nsmin) 

700ns 

1.2^,s 



[.2|jLs(2.0)jismax) 



INPUT OFFSET VOLTAGE 


l.OmVmax 


0.5mVmax 


0.25mVmax 




vs. Temperature, Ta = min to max' 


15M,V/°Cmax 


lOjiVrCmax 


SjjLVrCmax 


lOfiVrCmax 


vs. Supply 


200tJiVA^max 


lOOjtVA^max 


** 


** 


INPUT BIAS CURRENT* 










Either Input (AD381) 


20pA(100pAmax) 




* 




Either Input (AD382) 


20pA(100pAmax) 


10pA(50pAmax) 


** 


** 


Input Offset Current 


5pA 




* 




INPUT IMPEDANCE 










Differential 


10'2n||7pF 




* 




ConmionMode 


10'2ft||7pF 




* 




INPUT VOLTAGE RANGE 










Differential^ 


±20V 




* 




ConmionMode 


±12V(±10Vmin) 




• 




Common-Mode Rejection, ViN = ± lOV 


76dBmin 


SOdBmin 


** 


** 



POWER SUPPLY 
Rated Performance 
Operating 

Quiescent Current AD382 
AD381 



±15V 
±(5tol8)V 
3.4mA (6mA max) 
3.2mA (5mA max) 



VOLTAGE NOISE 
O.lHz-lOHz 
lOHz 
lOOHz 
IkHz 
lOkHz 



2m.Vp-p 

35nV/VHz 

22nV/VHz 

18nV/VHz 

16nV/VHz 



TEMPERATURE RANGE*^ 
Operating, Rated Performance 
Storage 

Thermal Resistance- 6 JA (AD382) 
Thermal Resistance- 0JC (AD382) 



0to+70°C 
-65°Cto + 150°C 
100°C/W 
70°C/W 



-55°Cto+125°C 



NOTES 

'The AD382SH has an output voltage of ± 12V ( ± lOV min) for 

a 200n load from T„„„ to + 100°C. To + 125°C the output 

current IS 3SmA. 
^TheADBSlSH hasan output voltageof ± 12V(± 10Vmm)fora Ikil 

load from T^m to + 7(rC. From + 70^ to + 125"^ the output current 

is 7mA. 
^Input Offset Voltage Drift is specified with the offset voltage unnulled . 

Nulling will induce an additional 3jiV/"C for every mV of offset nulled. 



'^Bias Current specificauons are guaranteed maximum at either input 

after 5 minutes of operation at Ta = + 25°C. For higher temperatures, 

the current doubles every WC. 
'Defined as the maximum safe voltage between mputs, such that 

neither exceeds ± lOV from ground. 
'The S-grade is available m full comphance with MIL-STD-883 Rev C. 

Ask for the MlL-data sheet. 
^Specifications same as J grade. 
^^Specifications same as K grade. 
Specifications sub)ect to change without notice. 



ORDERING GUIDE 





Initial 






Package 


Model 


Offset 


Offset T.C. 


Output 


Options* 


AD381JH 


ImV 


15jjlV/°C 


10mA 


H-08B 


AD381KH 


0.5mV 


10^V/°C 


10mA 


H-08B 


AD381LH 


0.25mV 


5^V/°C 


10mA 


H-08B 


AD381SH 


ImV 


10|jlV/°C 


10mA 


H-08B 


AD382JH 


ImV 


15plV/°C 


50mA 


H-I2A 


AD382KH 


5mV 


10fjiV/°C 


50mA 


H-12A 


AD382LH 


0.25mV 


5fiV/°C 


50mA 


H-12A 


AD382SH 


ImV 


10|xV/°C 


50mA 


H-12A 



*See Section 16 for package outline information 
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Figure 1. Input Voltage Range vs. 
Supply Voltage 
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ANALOG 
DEVICES 



IC, Wideband, Fast Slewing 
General Purpose Operational Amplifier 



AD507 



FEATURES 

Gain Bandwidth: lOOIVIHz 

Slew Rate: 20V/iLis min 

Ib: 15nA max (AD507K) 

Vos: 3mV max (AD507K) 

Vps Drift: 15jliV/'C max (AD507K) 

High Capacitive Drive 



PRODUCT DESCRIPTION 

The Analog Devices AD507J, K and S are low cost monolithic 
operational amplifiers that are designed for general purpose 
applications where high gain bandwidth and high speed are 
significant requirements. The devices also provide excellent dc 
performance with low input offset voltage, low offset voltage 
drift and low bias current. The AD 5 07 is a low cost, high 
performance alternative to a wide variety of modular and IC 
op amps; a brief review of the specifications confirms its out- 
standing price/performance characteristics. 

The AD 5 07 is recommended for use where low cost and all 
around performance, especially at high frequencies, are 
needed. It is particularly well suited as a fast, high impedance 
comparator, integrator or wideband amplifier and in sample/ 
hold circuits. It is unconditionally stable for all closed loop 
gains above 10 without external compensation; the frequency 
compensation terminal is used for stability at lower closed 
loop gains. The circuit is short circuit protected and offset 
voltage nuUable. The AD507J and K are specified over the 
to +70°C temperature range, the AD507S over the extended 
temperature range, -55°C to +125°C. All devices are 
packaged in the hermetic TO-99 metal can. 

PRODUCT HIGHLIGHTS 

1 . Excellent dc and ac performance combined with low cost. 

2. The ADS 07 will drive several hundred pF of output capaci- 
tance without oscillation. 

3. All guaranteed dc parameters, including offset voltage drift, 
are 100% tested. 

4. To insure compliance with gain bandwidth and slew rate 
specifications, all devices are tested for ac performance 
characteristics. 

5. To take full advantage of the inherent high reliability of 
IC's, every AD507S receives a 24 hour stabilization bake 
at+150°C. 



AD507 PIN CONFIGURATION 

FREQUENCY 
COMPENSATION 




OUTPUT 



NONINVERTING 
INPUT 



MIL-STANDARD-S83 

The AD507S/883 has the same electrical specifications as the 
AD507S, but is subjected to the 100% screening requirements 
specified in MIL-STD-883, Method 5004, Class B. 

This procedure includes: 

1. Pre-Cap Visual Inspection: Method 2010, Condition B. 

2. Stabilization Bake: Method 1008, Condition C, 24 hours @ 
+150°C. 

3. Temperature Cycle: Method 1010, Condition C, -65°C to 
+ 150°C, 10 cycles. 

4. Centrifuge: Method 2001, Condition E, 30,000 g, Yi 
orientation. 

5. Hermeticity, Gross Leak: Method 1014, Condition C, 
steps 1 and 2. 

6. Hermeticity, Fine Leak: Method 1014, Condition A, 
5 X 10'* atm/cc/sec. 

7. Burn-In: Method 1015, 160 hours @ +125°C. 

8. Final Electrical Test. 

9. External Visual: Method 2009. 



OPERATIONAL AMPLIFIERS 2-27 



SPECIFICATIONS 



(typical at +25° C and ±15V dc, unless otherwise noted) 



PARAMETER 


ADS 07 J 


AD507K 


AD507S(AD507S/883)** 


OPEN LOOP GAIN 
Rl = 2kn, Cl = 50pF 
@ Tmin to Tmax 


80,000 min (150,000 typ) 
70,000 min 


100,000 min (150,000 typ) 
85,000 min 


100,000 min (150,000 typ) 
70,000 min 


OUTPUT CHARACTERISTICS 

Voltage @ Rl = 2ka, Cl = 50pF, T^in to T^ax 
Current ® Vo = ±10V 
Short Circuit Current 


±10Vmin(±12Vtyp) 
±10mA min (±20mA typ) 
25mA 


* 


±10Vmin(±12Vtyp) 
+15mA min (±22mA typ) 
25mA 



FREQUENCY RESPONSE 

Unity Gain, Small Signal 
@ A = 1 (open loop) 
@ A = 100 (closed loop) 

Full Power Response 

Slew Rate 

Settling Time (to 0.1%) 



35 MHz 

IMHz 

320kHz mm (600kHz typ) 

±20V//is min (±35V/ms typ) 

900ns 



400kHz min (600kHz typ) 
±25V/MS min (±35V//lis typ) 



400kHz min (600kHz typ) 
lOV/fJLS min (+35V//xs typ) 



INPUT OFFSET VOLTAGE 












Initial 


5.0mV max (3.0mV typ) 


3.0mV max 


(1.5mVtyp) 


4mV max (0.5mV typ) 
20)UV/''C max (S^iVrc typ) 


Avg vs Temp, Tmm to Tmax 


15/iV/°C 




15juV/°C max (8iLiV/°C typ) 


vs Supply, Tmin to T^ax 


200JUV/V max 




100/LiV/V max 


100/iV/V max 


INPUT BIAS CURRENT 












Initial 


25nA max 




15nAmax 




ISnAmax 


Tmin to Tmax 


40nA max 




25nA max 




35nAmax 


INPUT OFFSET CURRENT 












Initial 


25nA max 




15nAmax 




15nA max 




40nA max 




25nA max 




35nAmax 


Avg vs Temp, Tmin to Tmax 


0.5nA/°C 




0.2nA/''c 




0.2nA/°C 


INPUT IMPEDANCE 












Differential 


40Mr2 min (300Mn typ) 


* 




65Mn min (SOOM^ typ) 


Common Mode 


lOOOMfi 




* 




* 


INPUT VOLTAGE NOISE 












f = lOHz 


lOOnV/VSI 
30nV/Vte 




* 




* 


f= lOOHz 




* 




* 


f =100kHz 


12nV/\/Hz 




* 




* 


INPUT VOLTAGE RANGE 












Differential, Max Safe 


±12.0V 




* 




* 


Common Mode Voltage Range, Tmm to Tmax 


±11. OV 




* 




* 


Common Mode Rejection @ ±5V, Tmm to Tmax 


74dBmin(100dB 


typ) 


80dB mm (lOOdB typ) 


80dB mm (lOOdB typ) 


POWER SUPPLY 












Rated Performance 


±15V 




* 




* 


Operating 


±(5 to 20)V 




* 




* 


Current, Quiescent 


4.0mA max (3.0mA typ) 


* 




* 


TEMPERATURE RANGE 












Rated Performance 


to +70° C 




* 




-55°Cto+125°C 


Operating 


-25°Cto+85°C 




* 




-65''Cto+150''C 


Storage 


-65°Cto+150*'C 




* 




* 


PACKAGE OPTION^ 












H-08A 


AD507JH 




AD507KH 




AD507SH 



NOTES 

' See Section 16 for package outline information. 

•Specifications same as AD507J. 
••AD507S/88 3 minimum order 10 pieces. 
Specifications subject to change without notice. 



1_ 





Sfew Rate Definition and Test Circuit 
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Applying the AD507 



APPLICATION CONSIDERATIONS 

The AD507 combines excellent dc characteristics and dynamic 
performance with ease of application. Because it is a wideband, 
high speed amplifier, care should be exercised in its stabiliza- 
tion. Several practical stabilization techniques are suggested to 
insure proper operation and minimize user experimentation. 

GENERAL PURPOSE WIDEBAND COMPENSATION 

The following considerations are intended to provide guidance 
in critical wideband applications. While not necessary in all 
cases, the considerations are of prime importance for the user 
attempting to obtain the highest performance from his circuit 
design. 

High Gain Conditions 

The AD 5 07 is fully compensated internally for all closed loop 
gains above 10; however, it is necessary to load the amplifier 
with 50pF. In many applications this minimum capacitive load 
will be provided by the load or by a cable at the output of the 
AD507, making an additional 50pF unnecessary. Figure 1 
shows the suggested configuration for general purpose use for 
closed loop gains above 10. 

The O.ljLiF ceramic power supply bypass capacitors are consid- 
erably more important for the AD 5 07 than for low frequency 
general purpose amplifiers. Their main purpose is. to convert 
the distributed high frequency ground to a lumped single point 
(the V+ point). The V+ to V- O.l/xF capacitor equalizes the 
supply grounds while the O.l/uF capacitor from V+ to signal 
ground should be returned to signal common. The signal 
common, which is bypassed to pin 7, is defined as that point 
at which the input signal source, the feedback network, and 
the return side of the load are joined to the power common. 

Note that the diagrams show each individual capacitor 
directly connected to the appropriate terminal (pin 7 [V+J 
and pin 6 [Output]). In addition, it is suggested that all 
connections be made short and direct, and as physically close 
to the can as possible, so that the length of any conducting 
path shared by external components will be minimized. 



OFFSET NULL 



0.1/iF {CERAMIC DISC) 

-, TO SIGNAL 

^ COMMON POINT 




PUT j,-^ 

0-H21- 



NPUT -^ 

o— (E 



OFFSET NULL 




Figure 1. General Purpose Configuration to Closed Loop 

Gain > 10 
Low Gain Conditions 

For low closed loop gain applications, the AD 507 should be 
compensated with a 20pF capacitor from pin 8 (frequency 
compensation) to signal common or pin 7 (V+). This configur- 
ation also requires a 30pF feedback capacitor from pin 6 
(Output) to pin 8 (see Figure 2). The 50pF minimum load 
capacitance recommended for uncompensated applications is 
not required when the AD507 is used in the compensated 
mode. This compensation results in a unity gain frequency of 
approximately 10 to 12MHz. 



The excellent input characterisitcs of the AD 5 07 make it 
useful in low frequency applications where both dc and ac 
performance superior to the 741 type of op amp is desired. 
Some experimentation may be necessary to optimize the 
AD507 for the specific requirement. The unity gain bandwidth 
can be reduced by increasing the value of the compensation 
capacitor in inverse proportion to the desired bandwidth 
reduction. It is advisable to increase the feedback capacitor at 
the same time, maintaining its value about 50% larger than the 
compensation capacitor. Because the AD507 is fundamentally 
a wideband amplifier, careful power supply decoupling and 
compensation component layout are required even in low 
bandwidth applications. 

OFFSET VOLTAGE NULLING 

Note that the offset voltage null circuit includes a 2kfi resistor 
in series with the wiper arm of the lOOkfl potentiometer. 
This resistor is not absolutely required, but its use can prevent 
a condition of false null that can be obtained at the ends of 
the pot range. The knowledgeable user should have no trouble 
differentiating between nulling in the pot mid-range and 
erratic end-range behavior when the wiper is connected 
directly to V+. 
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Figure 2. Configuration for Unity Gain Applications 

HIGH CAPACITIVE LOADING 

Like all wideband amplifiers, the AD 5 07 is sensitive to capa- 
citive loading. Unlike many, however, the AD507 can be 
used to effectively drive reasonable capacitive loads in virtually 
all applications, and capacitive loads of several hundred pico- 
farads in a number of specific configurations. 

In an inverting gain of ten configuration, the internally com- 
pensated amplifier will drive more than 200pF in addition to 
the recommended 50pF load, or a total of over 250pF. Under 
such conditions, the slew rate will be only slightly reduced, 
and the overall settling time somewhat lengthened. 

In general, the capacitive drive capability of the AD 5 07 will 
increase in high gain configurations which reduce closed loop 
bandwidth. 

In any wideband appUcation, it is essential to return the load 
currents supplied by the amplifier to the power supply with- 
out sharing a path with input or feedback signals. This con- 
sideration becomes particularly important when driving capa- 
citive loads which may resonate with short lengths of inter- 
connecting wire. 

FAST SETTLING TIME 

A small capacitor (Cs in Figure 3) will improve the settling 
time of the AD507, when it is used with large feedback 
resistors. The AD507 input capacitance (typically 2 or 3pF), 
together with additional circuit capacitance, will introduce an 
unwanted pole of open-loop response. The extra phase shift 
introduced, for example, by 4pF of input capacitance, and 
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Skfi input source impedance, will result in an underdamped 
transient response, and long settling time. A small (1.5 to 
3 .OpF) feedback capacitor will introduce a zero in the open- 
loop transfer function, reducing the phase shift and increasing 
the damping, which will more than compensate for the slight 
reduction in closed-loop bandwidth. 

BIAS COMPENSATION NOT REQUIRED 

Circuit applications using conventional op amps generally 
require that the source resistances be matched at the inputs to 
cancel the effects of the input currents and take advantage of 
low offset current. In circuits similar to that shown in 
Figure 3, the compensation resistance would be equal to the 
parallel combination of Rj and Rp, and for large values 
would require a bypass capacitor. The AD507 is specially 
designed to cancel the input currents so as to reduce them to 
the offset current level. As a result, optimum performance 
can be obtained even though no bias compensation is used, 
and the non-inverting input can be connected directly to the 
signal common. 




Figure 3. Fast Settling Time Configuration 
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ANALOG 
DEVICES 



High Speed, 
Fast Settling IC Op Amp 



AD509 



FEATURES 
Fast Settling Time 

0.1% in 500ns max 

0.01% in 2.5/Lis max 
High Slew Rate: 100V//lis min 
Low Iqs: 25nA max 
Guaranteed Vqs Drift: SOjuV/^C max 
HighCMRR: SOdBmin 
Drives 500pF 
Low Price 

APPLICATIONS 

D/A and A/D Conversion 

Wideband Amplifiers 

Multiplexers 

Pulse Amplifiers 



AD509 PIN CONFIGURATIONS 
TO-99 

FREQUENCY 
COMPENSATION 



INVERTING 




INPUT 



NONINVERTING 
INPUT 



OUTPUT 



PRODUCT DESCRIPTION 

The AD509J, AD509K and AD509S are monolithic 
operational amplifiers specifically designed for applications 
requiring fast settling times to high accuracy. Other compar- 
able dynamic parameters include a small signal bandwidth of 
20MHz, slew rate of 100V//xs min and a full power response 
of 150kHz min. The devices are internally compensated for 
all closed loop gains greater than 3 , and are compensated with 
a single capacitor for lower gains. 

The input characteristics of the AD 5 09 are consistent with 
0.01% accuracy over limited temperature ranges; offset current 
is 25nA max, offset voltage is 8mV max, nuUable to zero, and 
offset voltage drift is limited to 30jLiV/°C max. PSRR and 
CMRR are typically 90dB. 

The ADS 09 is designed for use with high speed D/A or A/D 
converters where the minimum conversion time is limited by 
the amplifier settling time. If 0.01% accuracy of conversion 
is required, a conversion cannot be made in a shorter period 
than the time required for the amplifier to settle to within 
0.01% of its final value. 

All devices are supplied in the TO-99 package. The AD509J 
and AD509K are specified for to +70°C temperature range; 
the AD509S for operation from -55°C to +125°C. 



^-^ 20kft ^^ 



V+ 



TOP VIEW 



PRODUCT HIGHLIGHTS 

1. The ADS 09 is internally compensated for all closed loop 
gains above 3 , and compensated with a single capacitor for 
lower gains thus eliminating the elaborate stabilizing tech- 
niques required by other high speed IC op amps. 

2. The ADS 09 will drive capacitive loads of SOOpF without 
deterioration in settling time. Larger capacitive loads 
can be driven by tailoring the compensation to minimize 
settling time. 

3. Common Mode Rejection, Gain and Noise are compatible 
with a 0.01% accuracy device. 

4. The AD509K and AD509S are 100% tested for minimum 
slew rate and guaranteed to settle to 0.01% of its final 
value in less than 2.SMS. 
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SPECIFICATIONS 



+251! and Vs = ±15V dc unless otherwise specified) 







AD509J 






AD509K 






AD509S 






Model 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


OPEN LOOP GAIN 






















Vo= ±10V,R, >2kn 


7,500 


15,000 




10,000 


15,000 




10,000 


15,000 




V/V 


T„,,ntoT„,,„R, =2kll 


5,000 






7,500 






7,500 






v/v 


OUTPUT CHARACTERISTICS 






















Voltage (a Ri = 2kn,T,„,ntoT,„ax 


±10 


±12 




±10 


±12 




±10 


±12 




V 


FREQUENCY RESPONSE 






















Unity Gain Small Signal 




20 






20 






20 




MHz 


Full Power Response 


1 2 


1.6 




1.5 


20 




1 5 


2.0 




MHz 


Slew Rate, Unity Gain 


80 


120 




80 


120 




100 


120 




V/m-s 


Settling Time 






















to 0.1% 




200 






200 






200 


500 


ms 


to 0.01% 




1 
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NOTES 

'See Section 16 for package outline information 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 

electrical test. Results from those tests are used to calculate outgoing quality 

levels. All min and max specifications are guaranteed, although only those 

shown in boldface are tested on all production units. 
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APPLYING THE AD509 

MEASURING SETTLING TIME. Settling time is defined as 
that period required for an amplifier output to swing from 
volts to full scale, usually 10 volts, and to settle to within 
a specified percentage of the final output voltage. For high 
accuracy systems, the accuracy requirement is normally 
specified as either 0.1% (10-bit accuracy) or 0.01% (12-bit 
accuracy) of the 10 volt output level. The settling time 
period is comprised of an initial propagation delay, an 
additional time for the amplifier to slew to the vicinity of 
10 volts, and a final time period to recover from internal 
saturation and other effects, and settle within the specified 
error band. Because settling time depends on both linear 
and nonlinear factors, there is no simple approach to 
predicting its final value to different levels of accuracy. In 
particular, extremely high slew rates do not assure a rapid 
settling time, since this is only one of many factors affecting 
settling time. In most high speed amplifiers, after the 
amplifier has slewed to the vicinity of the final output 
voltage, it must recover from internal saturation and then 
allow any overshoot and ringing to damp out. These 
definitions are illustrated in Figure 1 . 
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Figure 1, Settling Time 



The AD509K and AD509S are guaranteed to settle to 0.1% 
in 500ns and 0.01% in 2.5ms when tested as shown in Figure 2. 
There is no appreciable degradation in settling time when 
the capacitive load is increased to 500pF, as discussed below. 
The settling time is computed by summing the output and the 
input into a differential amplifier, which then drives a scope 



display. The resultant waveform of (Eq — Ein) of a typical 
ADS 09 is shown in Figure 3. Note that the waveform crosses 
the ImV point representing 0.01% accuracy in approximately 
l.SjUs. The top trace represents the output signal; the bottom 
trace represents the error signal. 
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Figure 3. Settling Time of AD509 

SETTLING TIME VS. Rf AND Ri. Settling time of an 
amplifier is a function of the feedback and input resistors, 
since they interact with the input capacitance of the amplifier. 
When operating in the non-inverting mode, the source 
impedance should be kept relatively low; e.g., 5kJ2; in order 
to insure optimum performance. The small feedback 
capacitor (5pF) is used in the settling time test circuit in 
parallel with the feedback resistor to reduce ringing. This 
capacitor partially cancels the pole formed in the loop gain 
response as a result of the feedback and input resistors, and 
the input capacitance. 

SETTLING TIME VS. CAPACITIVE LOAD. The AD509 
will drive capacitive loads of SOOpF without appreciable 
deterioration in settling time. Larger capacitive loads can be 
driven by tailoring the compensation to minimize settling 
time. Figure 4 shows the settling time of a typical AD 509, 
compensated for unity gain with a 15pF capacitor, with a 
500pF capacitive load on the output. Note that settHng time 
to 0.01% is still under 2.0/15. 
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Figure 4. AD509 with SOOpF Capacitive Load 



DECOUPLING CAPACITORS 
OMITTED FOR CLARITY 




Figure 2. AD509 Settling Time Test Circuit 



SUGGESTIONS FOR MINIMIZING SETTLING TIME. The 
AD 5 09 has been designed to settle to 0.01% accuracy in 
1 to 2.5jUs. However, this amplifier is only a building block 
in a circuit that also has a feedback network, input and output 
connections, power supply connections, and a number of 
external components. What has been painstakingly gained in 
amplifier design can be lost without careful circuit design. 
Some of the elements of a good high speed design are 

CONNECTIONS. It is essential that care be taken in the 
signal and power ground circuits to avoid inducing or 
generating extraneous voltages in the ground signal paths. 
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The O.ljuF ceramic power supply bypass capacitors are 
considerably more important for the AD509 than for low 
frequency general purpose amplifiers. Their main purpose 
is to convert the distributed high frequency ground to a 
lumped single point (the V+ point). The V+ to V- 0.1 juF 
capacitor equalizes the supply grounds while the 0.1 juF 
capacitor from V+ to signal ground should be returned to 
signal common. The signal common, which is bypassed to 
pin 7, is defined as that point at which the input signal 
source, the feedback network, and the return side of the load 
are joined to the power common. 

Note that the diagram shows each individual capacitor 
directly connected to the appropriate terminal (pin 7 [V+j ). 

OIhF 
CERAMIC DISC 



TO SIGNAL 
COMMON POINT 



NONINVERTING 




O.IjjF 
CERAMIC DISC 



Figure 5. Configuration for Unity Gain Applications 



In addition, it is suggested that all connections be short and 
direct, and as physically close to the case as possible, so that 
the length of any conducting path shared by external 
components will be minimized. 

COMPONENTS. Resistors are preferably metal film types, 
because they have less capacitance and stray inductance 
than wirewound types, and are available with excellent 
accuracies and temperature coefficients. 

Diodes are hot carrier types for the very fastest-settling 
applications, but 1N914 types are suitable for more 
routine uses. 

Capacitors in critical locations are polystyrene, teflon, or 
polycarbonate to minimize dielectric absorption. 

CIRCUIT. For the fastest settling times, keep leads short, 
orient components to minimize stray capacitance, keep 
circuit impedance levels as low as consistent with the out- 
put capabilities of the amplifier and the signal source, 
reduce all external load capacitances to the absolute 
minimum. Don't overlook sockets or printed circuit 
board mounting as possible sources of dielectric absorption. 
Avoid pole-zero mismatches in any feedback networks used 
with the amplifier. Minimize noise pickup. 



DYNAMIC RESPONSE OF AD509 
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Figure 6. Open Loop Frequency and Ptiase Response 
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Figure 7. Open Loop Frequency Response for Various CcS 



THE AD509 AS AN OUTPUT AMPLIFIER FOR FAST 
CURRENT-OUTPUT D-TO-A CONVERTERS 

Most fast integrated circuit digital to analog converters have 
current outputs. That is, the digital input code is translated 
to an output current proportional to the digital code. In 
many applications, that output current is converted to a volt- 
age by connecting an operational amplifier in the current-to- 
voltage conversion mode. 

The settling time of the combination depends on the settling 
time of the DAG and the output amplifier. A good approxima- 
tion is: 

ts TOTAL = \/(tsDAC)^ + (tgAMP)^ 

Some IC DACs settle to final output value in 100-500 nano- 
seconds. Since most IC op amps require a longer time to settle 
to ±0.1% or ±0.01% of final value, amplifier settling time can 
dominate total settling time. And for a 12-bit DAC, one least 
significant bit is only 0.024% of full-scale, so low drift and 
high linearity and precision are also required of the output 
amplifier. 



Figure 8 shows the AD509K connected as an output amplifier 
with the AD565K, high speed 12-bit IC digital-to-analog con- 
verter. The 10 picofarad capacitor, CI, compensates for the 
25pF AD565 output capacitance. The voltage output of the 
AD565K/AD509K combination settles to ±0.01% in one 
microsecond. The low input voltage drift and high open loop 
gain of the AD509K assures 12-bit accuracy over the operating 
temperature range. 
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Figure 8. AD509 as an Output Ampiifier for a Fast Current- 
Output D'to-A Converter 
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ANALOG 
DEVICES 



Monolithic Precision, Low-Power 
FET-lnput Electrometer Op Amp 




FEATURES 

Ultralow Bias Current: 0.075pA max (AD515AL) 
O.ISOpA max (AD515AK) 
0.300pA max (AD515AJ) 

Low Power: 1.5mA max Quiescent Current 
(0.6mA typ) 

Low Offset Voltage: I.OmV max (AD515AK & L) 

Low Drift: ^by^/rC max (AD515AK) 

Low Noise: 4|iV p-p, 0.1Hz to 10Hz 



AD515A PIN CONFIGURATION 



PRODUCT DESCRIPTION 

The AD515A is a monolithic FET-input operational amplifier 
with a guaranteed maximum input bias current of 75fA 
(ADS 1 SAL). The ADS ISA is a monolithic successor to the 
industry standard ADS IS electrometer, and will replace the 
ADS IS in most aplications. The ADS ISA also delivers laser- 
trimmed offset voltage, low drift, low noise and low power, a 
combination of features not previously available in ultralow bias 
current circuits. All devices are internally compensated, free of 
latch-up and short circuit protected. 

The ADS ISA's combination of low input bias current, offset 
voltage and drift optimizes it for a wide variety of electrometer 
and very high impedance buffer applications including photo- 
current detection, vacumn ion-gage measurement, long-term 
precision integration and low drift sample/hold applications. 
This amplifier is also an excellent choice for all forms of biomedical 
instrumentation such as pH/pIon sensitive electrodes, very low 
current oxygen sensors, and high impedance biological micro- 
probes. In addition, the low cost and pin compatibility of the 
ADS ISA with standard FET op amps will allow designers to 
upgrade the performance of present systems at little or no additional 
cost. The lO^^ft common-mode input impedance ensures that 
the input bias current is essentially independent of common-mode 
voltage. 

As with previous electrometer amplifier designs from Analog 
Devices, the case is brought out to its own connection (Pin 8) so 
that the case can be independently connected to a point at the 
same potential as the input, thus minimizing stray leakage to 
the case. This feature will also shield the input circuitry from 
external noise and supply transients. 

The ADS ISA is available in three versions of bias current and 
offset voltage, the "J"j "K" and "L"; all are specified for rated 

^Covered by Patent No. 4,639,683. 
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performance from to + 70°C and supplied in a hermetically 
sealed TO-99 package. The industry standard hybrid version, 
ADS IS, will also be available. 

PRODUCT HIGHLIGHTS 

1. The ADS ISA provides subpicoampere bias currents in an 
integrated circuit amplifier. 

• The ultralow input bias currents are specified as the 
maximum measured at either input with the device fully 
warmed up on ± ISV suppUes at + 2S°C ambient with no 
heat sink. This parameter is 100% tested. 

• By using ± V suppUes, input bias current can typically be 
brought below SOfA. 

2. The input offset voltage on ail grades is laser trimmed to a 
level typically less than SOO|xV. 

• The offset voltage drift is lS|xV/°C maximiun on the K 
grade. 

• If additional nulling is desired, the amount required will 
have a minimal effect on offset drift (approximately 3p-V/°C 
per mV). 

3. The low quiescent current drain of 0.6mA typical and l.SmA 
maximum, keeps self-heating effects to a minimum and renders 
the ADS ISA suitable for a wide range of remote probe 
applications. 

4. The combination of low input noise voltage and very low 
input noise current is such that for source impedances from 
much over IMO up to 10^ ^fl, the Johnson noise oif the source 
will easily dominate the noise characteristic. 

5 . Every ADS ISA receives a 24-hour stabilization bake at + 1 SO°C, 
to ensure reliability and long-term stability. 
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OrLUinUfll IUI10(typicai@ +25n;w(thYs= ±15Vdc, unless otherwise specified) 




Model 


AD515AJ 


AD515AK 


AD515AL 


OPEN-LOOPGAIN^ 








VouT=±10V,RL^2ka 


20,000V/Vmin 


40,000V/Vmin 


25,000VA^min 


RL^lOkO 


40,000V/Vmin 


100,000V/Vmin 


50,000VA^min 


Ta = min to max Ri^^2kn 


15,000V/Vmin 


40,000V/Vmin 


25,000V/Vmin 


OUTPUT CHARACTERISTICS 








Voltage((rRi^ = 2kfl, Ta = min to max 


+ 10Vmin( + 12Vtyp) 


• 


• 


((I Rl = lOkn, Ta = min to max 


±12Vmin(±13Vtyp) 


• 


• 


Load Capacitance^ 


lOOOpF 






Short-Circuit Current 


10mA min (20mA typ) 






FREQUENCY RESPONSE 








Unity Gain, Small Signal 


IMHz 


• 


• 


Full Power Response 


5kHz min (30kHz typ) 


• 


• 


Slew Rate Inverting Unity Gain 


0.3V/^jLS min (2.0V/|xs typ) 


* 


• 


Overload Recovery Inverting Unity Gain 


100(xs max (2|jls typ) 


• 


• 


INPUT OFFSET VOLTAGE^ 


3.0mV max (0.4mV typ) 


I .OmV max (0.4mV typ) 


1 .OmV max (0.4mV typ) 


vs. Temperature, Ta = min to max 


50»jLV/°Cmax 


ISjjiV/Xmax 


25jjLV/Xmax 


vs . Supply , T A = min to max 


400JJI V/V max (SOjji VA^ typ) 


lOOjjiV/Vmax 


200jjLV/Vmax 


INPUT BIAS CURRENT 








Either Input"* 


300fAmax 


ISOfAmax 


75fAmax 


INPUT IMPEDANCE 








Differential Vdiff = ± 1 V 


1.6pF||l0^^n 


• 


• 


Common Mode 


o.gpFiiio^^n 


• 


• 


INPUT NOISE 








Voltage, O.lHz to lOHz 


4.0^jlV(p-p) 


• 


• 


f = lOHz 


75nV/\/H5 


• 


• 


f = lOOHz 


55nV/VHz 


• 


• 


f = IkHz 


50nV/VHz 


• 


• 


Current, O.lHz to lOHz 


0.003pA(p-p) 


• 


• 


lOHztolOkHz 


O.OlpArms 


• 


• 


INPUT VOLTAGE RANGE 








Differential 


± 20V min 


• 


* 


Common Mode, Ta = min to max 


±10Vmin( + 12V, -lltyp) 


• 


• 


Common-Mode Rejection, ViN= ± lOV 


66dBmin(94dBtyp) 


SOdBmin 


70dB min 


Maximum Safe Input Voltage^ 


±Vs 


• 


• 


POWER SUPPLY 








Rated Performance 


±15V 


• 


• 


Operating 


±5Vmin(±18Vmax) 


• 


• 


Quiescent Current 


1 .5mA max (0.6mA typ) 


• 


• 


TEMPERATURE 








Operating, Rated Performance 


0to+70°C 


• 


• 


Storage 


-65<^Cto + 150X 


• 


• 


PACKAGE OPTION^ 








TO-99(H-08A) 


AD515AJH 


AD515AKH 


AD515ALH 



NOTES 

*Specifications same as AD515AJ. 

'Open Loop Gain is specified with or without nuihng of Vos- 

^A conservative design would not exceed 750pF of load capacitance. 

'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = + 25°C. 

"^Bias Current specifications are guaranteed after 5 minutes of operation at Ta = + 25°C. For 
higher temperatures, the current doubles every + 10°C. 

^If It is possible for the input voltage to exceed the supply voltage, a series protection 
resistor should be added to limit input current to 0.1mA, The input devices 
can handle overload currents of 0.1mA indefinitely without damage. See next page. 

^See Section 16 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final test. 
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LAYOUT AND CONNECTIONS CONSIDERATIONS 

The design of very high impedance measurement systems in- 
troduces a new level of problems associated with the reduction 
of leakage paths and noise pickup. 

1. A primary consideration in high impedance system designs is 
to attempt to place the measuring device as near to the signal 
source as possible. This will minimize current leakage paths, 
noise pickup and capacitive loading. The ADS 15 A, widi its 
combination of low offset voltage (normally eliminating the 
need for trinuning), low quiescent current (minimal source 
heating, possible battery operation), internal compensation 
and small physical size lends itself very nicely to installation 
at the signal source or inside a probe. Also, as a result of the 
high load capacitance rating, the ADS ISA can comfortably 
drive a long signal cable. 

2. The use of guarding techniques is essential to realizing the 
capability of the ultralow input currents of the ADS ISA. 
Guarding is achieved by applying a low impedance bootstrap 
potential to the outside of the insulation material surrounding 
the high impedance signal line. This bootstrap potential is 
held at the same level as that of the high impedance line; 
therefore, there is no voltage drop across the insulation and, 
hence, no leakage. The guard will also act as a shield to 
reduce noise pickup and serves an additional function of 
reducing the effective capacitance to the input line. The case 
of the ADS ISA is brought out separately to Pin 8 so that the 
case can also be connected to the guard potential. This technique 
virtually eliminates potential leakage paths across the package 
insulation, provides a noise shield for the sensitive circuitry 
and reduces common-mode input capacitance to about 0.8pF. 
Figure 1 shows a proper printed circuit board layout for 
input guarding and connecting the case guard. Figures 2 and 
3 show guarding connections for typical inverting and nonin- 
verting applications. If Pin 8 is not used for guarding, it 
should be connected to ground or a power supply to reduce 



4. Another important concern for achieving and maintaining 
low leakage currents is complete cleanliness of circuit boards 
and components. Completed assemblies should be washed 
thoroughly in a low residue solvent such as TMC Freon or 
high-purity methanol followed by a rinse with deionized 
water and nitrogen drying. If service is anticipated in a high 
contaminant or high humidity environment, a high dielectric 
conformal coating is recommended. All insulation materials 
except Kel-F or teflon will show rapid degradation of surface 
leakage at high humidities. 

OPTIONAL PROTECTION 
(SEE TEXT) 



,-/- ^^ 




Eq = ImV/picoamp 



Figure 2. Picoampere Current-to-Voltage Converter 
Inverting Configuration 



OPTIONAL Rp 







- OPTIONAL CONNECTION FOR 
GUARDING CABLE (SEE TEXT) 



Figure 3. Very High Impedance Noninverting Amplifier 




SAME PATTERN SHOULD BE 
LAID OUT ON BOTH SIDES 
OF PC BOARD 



(BOTTOM VIEW) 

Figure 1. Board Layout for Guarding Inputs with Guarded 
TO-99 Package 

3. Printed circuit board layout and construction is critical for 
achieving the ultimate in low leakage performance that the 
ADS ISA can deliver. The best performance will be realized 
by using a teflon IC socket for the ADS ISA; but at least a 
teflon stand-off should be used for the high impedance lead. 
If this is not feasible, the input guarding scheme shown in 
Figure 1 will minimize leakage as much as possible; the 
guard ring should be applied to both sides of the board. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should 
not be extended for any unnecessary length on a printed 
circuit; to minimize noise and leakage, they must be carried 
in rigid, shielded cables. 



INPUT PROTECTION 

The ADS ISA is guaranteed for a maximum safe input potential 
equal to the power supply potential. 

Many instrumentation situations, such as flame detectors in gas 
chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-to-voltage converting amplifier. This possibihty necessi- 
tates some form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate Zener 
protection schemes which often compromise overall performance. 
The ADS ISA requires input protection only if the source is not 
ciurent limited, and as such is similar to many JFET-input 
designs. The failure mode would be overheating from excess 
current rather than voltage breakdown. If the source is not 
ciurent limited, all that is required is a resistor in series with 
the affected input terminal so that the maximiun overload current 
is 0.1mA (for example, IMH for a lOOV overload). This simple 
scheme will cause no significant reduction in performance and 
give complete overload protection. Figures 2 and 3 show proper 
connections. 
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COAXIAL CABLE AND CAPACITANCE EFFECTS 

If it is not possible to attach the ADS 15 A virtually on top of the 
signal source, considerable care should be exercised in designing 
the connecting lines carrying the high impedance signal. Shielded 
coaxial cable must be used for noise reduction, but use of coaxial 
cables for high impedance work can add problems from cable 
leakage, noise and capacitance. Only the best polyethylene or 
virgin teflon (not reconstituted) should be used to obtain the 
highest possible insulation resistance. 

Cable systems should be made as rigid and vibration free as 
possible since cable movement can cause noise signals of three 
types, all significant in high impedance systems. Frictional 
movement of the shield over the insulation material generates a 
charge which is sensed by the signal line as a noise voltage. Low 
noise cable with graphite lubricant such as Amphenol 21-537 
will reduce the noise, but short, rigid lines are better. Cable 
movements will also make small changes in the internal cable 
capacitance and capacitance to other objects. Since the total 
charge on these capacitances cannot be changed instantly, a 
noise voltage results as predicted from: AV = Q/AC. Noise voltage 
is also generated by the motion of a conductor in a magnetic 
field. 



The conductor-to-shield capacitance of coaxial cable is usually 
about 30pF/foot. Charging this capacitance can cause considerable 
stretching of high impedance signal rise-time, thus cancelling 
the low input capacitance feature of the AD515A. There are two 
ways to circumvent this problem. For inverting signals or low-level 
current measurements, the signal is carried on the line connected 
to the inverting input and shielded (guarded) by the ground line 
as shown in Figure 2. Since the signal is always at virtual groimd, 
no voltage change is required and no capacitances are charged. 
In many circiunstances, this will destabilize the circuit; if so, 
capacitance from output to inverting input will stabilize the 
circuit. 

Noninverting and buffer situations are more critical since the 
signal line voltage and therefore charge will change, causing 
signal delay. This effect can be reduced considerably by connecting 
the cable shield to a guard potential instead of ground, an option 
shown in Figure 3. Since such a connection results in positive 
feedback to the input, the circuit may be destabilized and oscillate. 
If so, capacitance from positive input to ground must be added 
to make the net capacitance at Pin 3 positive. This technique 
can considerably reduce the effective capacitance which must be 



charged. 

Typical Performance Curves 
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Figure 4, PSRR and CMRR vs. Frequency 
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Figure 7. Peak-to-Peak Input Noise Voltage vs. Source 
Impedance and Bandwidth 
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ELECTROMETER APPLICATION NOTES 

The AD515A offers subpicoampere input bias currents available 
in an integrated circuit package. This design will open up many 
new application opportunities for measurements from very high 
impedance and very low current sources. Performing accurate 
measurements of this sort requires careful attention to detail; 
the notes given here will aid the user in realizing the full meas- 
urement potential of the AD515A and perhaps extending its 
performance limits. 

1 . As with all junction FET input devices, the temperature of 
the FETs themselves is all important in determining the 
input bias currents. Over the operating temperature range, 
the input bias currents closely follow a characteristic of doubling 
every 10°C; therefore, every effort should be made to minimize 
device operating temperature. 

2. The heat dissipation can be reduced initially by careful inves- 
tigation of the application. First, if it is possible to reduce 
the required power supplies, this should be done since internal 
power consumption contributes the largest component of 
self-heating. To minimize this effect, the quiescent current of 
the AD515A has been reduced to less than 1mA. Figure 8 
shows typical input bias current and quiescent current versus 
supply voltage. 

3. Output loading effects, which are normally ignored, can 
cause a significant increase in chip temperature and therefore 
bias current. For example, a 2kn load driven at lOV at the 
output will cause at least an additional 25mW dissipation in 
the output stage (and some in other stages) over the typical 
24mW, thereby at least doubling the effects of self-heating. 
The results of this form of additional power dissipation are 
demonstrated in Figure 9, which shows normalized input 
bias current versus additional power dissipated. Therefore, 
although many dc performance parameters are specified 
driving a 2kn load, to reduce this additional dissipation, we 
recommend restricting the load resistance to be at least 
lOka. 

4. Figure 10 shows the ADS 1 5 A's input current versus differential 
input voltage. Input current at either terminal stays below a 
few hundred fA until one input terminal is forced higher 
than 1 to 1.5V above the other terminal. Input current limits 
at 30|xA under these conditions. 
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Figure 10. Input Bias Current vs. Differential Input Voltage 
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AD515A CIRCUIT APPLICATION NOTES 

The ADS 15 A is quite simple to apply to a wide variety of appli- 
cations because of the pretrimmed offset voltage and internal 
compensation, which minimize required external components 
and eliminate the need for adjustments to the device itself. The 
major considerations in applying this device are the external 
problems of layout and heat control which have already been 
discussed. In circuit situations employing the use of very high 
value resistors, such as low level current to voltage converters, 
electrometer operational amplifiers can be destabilized by a pole 
created by the small capacitance at the negative input. If this 
occurs, a capacitor of 2 to 5pF in parallel with the resistor will 
stabiUze the loop. A much larger capacitor may be used if desired 
to limit bandwidth and thereby reduce wideband noise. 

Selection of passive components employed in high impedance 
situations is critical. High Mft resistors should be of the carbon 
fihn or deposited ceramic oxide to obtain the best in low noise 
and high stability performance. The best packaging for high 
MH resistors is a glass body sprayed with silicone varnish to 
minimize humidity effects. These resistors must be handled 
very carefully to prevent surface contamination. Capacitors for 
any high impedance or long-term integration situation should be 
of a polystyrene formulation for optimum performance. Most 
other types have too low an insulation resistance, or high dielectric 
absorption. 

Unlike situations involving standard operational amplifiers with 
much higher bias currents, balancing the impedances seen at the 
input terminals of the ADS 15A is usually unnecessary and probably 
undesirable. At the large source impedances where these effects 
matter, obtaining quality, matched resistors will be difficult. 
More important, instead of a cancelling effect, as with bias 
current, the noise voltage of the additional resistor will add by 
root-sum-of-squares to that of the other resistor thus increasing 
the total noise by about 40%. Noise currents driving the resistors 
also add, but in the ADS ISA are significant only above 10^^ fi. 




R3 rv^D707 



R2 pSJ^Tl^ 



Z|N-CM = 10"nil0.2pF 



(ALL RESISTORS OF SAME NUMBER SHOULD BE MATCHED ±0.1%) 
(BUFFER A1 BOOSTS COMMON MODE Z|N BY DRIVING CABLE SHIELDS 
AT COMMON MODE VOLTAGE AND NEUTRALIZING CM CAPACITANCE) 

Figure 1 1. Very High impedance Instrumentation 
Amplifier 




O RESET 

(NEGATIVE PULSE) 



i^r- 



Figure 12. Low Drift Integrator and Low-Leakage Guarded 
Reset 

LOW-LEVEL CURRENT-TO-VOLTAGE CONVERTERS 

Figure 2 shows a standard low-level current-to- voltage converter. 
To obtain higher sensitivity, it is obvious to simply use a higher 
value feedback resistor. However, high value resistors above 
lO'ft tend to be expensive, large, noisy and unstable. To avoid 
this, it may be desirable to use a circuit configuration with 
output gain, as in Figure 13. The drawback is that input errors 
of offset voltage drift and noise are multipUed by the same gain, 
but the precision performance of the ADS ISA makes the tradeoff 
easier. 




-KX^ Eo - -ImV/pA X (1 1 5j ) 



Figure 13. Picoampere to Voltage Converter with Gain 

One of the problems with low-level leakage current testing or 
low-level current transducers (such as Clark oxygen sensors) is 
finding a way to apply voltage bias to the device while still 
grounding the device and the bias source. Figure 14 shows a 
technique in which the desired bias is applied at the noninverting 
terminal thus forcing that voltage at the inverting terminal. The 
current is sensed by Rpj and the ADS24 instrumentation amplifier 
converts the floating differential signal to a single-ended output. 



Vb 
APPEARS HERE 



\ , 



SENSOR 

OR 
D.U.T. 




Figure 14. Current-to-Voltage Converters with Grounded 
Bias and Sensor 
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ANALOG 
DEVICES 



Low Cost, Laser 
Trimmed, Precision IC Op Amp 



AD517 



FEATURES 

Low Input Bias Current: InA max (AD517L) 

Low Input Offset Current: 0.25nA max (AD517L) 

Low Vos: SO^V max (AD517L), ISOjuV max (AD517J) 

Low Vos Drift: 1.^V/°C (AD517L) 

Internal Compensation 

MIL-Standard Parts Available 

8-Pin TO-99 Hermetic Metal Can 



PRODUCT DESCRIPTION 

The ADS 17 is a high accuracy monolithic op amp featuring ex- 
tremely low offset voltages and input currents. Analog Devices' 
thermally-balanced layout and superior IC processing combine 
to produce a truly precision device at low cost. 

The ADS 17 is laser trimmed at the wafer level (LWT) to pro- 
duce offset voltages less than SOjuV and offset voltage drifts 
less than 1.3/LiV/°C unnuUed. Superbeta input transistors pro- 
vide extremely low input bias currents of InA max and offset 
currents as low as 0.2SnA max. While these figures are com- 
parable to presently available BIFET amplifiers at room tem- 
perature, the ADS 17 input currents decrease, rather than 
increase, at elevated temperatures. Open-loop gain in many IC 
amplifiers is degraded under loaded conditions due to thermal 
gradients on the chip. However, the ADS 17 layout is balanced 
along a thermal axis, maintaining open-loop gain in excess of 
1,000,000 for a wide range of load resistances. 

The input stage of the ADS 17 is fully protected, allowing dif- 
ferential input voltages of up to iVg without degradation of 
gain or bias current due to reverse breakdown. The output 
stage is short-circuit protected and is capable of driving a load 
capacitance up to lOOOpF. 

The ADS 17 is well suited to applications requiring high pre- 
cision and excellent long-term stability at low cost, such as 
stable references, followers, bridge instruments and analog 
computation circuits. 



AD517 PIN CONFIGURATION 

OFFSET 

NULL >./ 8 

7 +Vs 



-IN 2 



+IN 




6 OUTPUT 



4 

-Vs 

TOP VIEW 

The circuit is packaged in a hermetically sealed TO-99 metal 
can, and is available in three performance versions (J, K, and 
L) specified over the commercial to +70° C range; and one 
version (ADS17S) specified over the extended temperature 
range, -5S°Cto+125°C. 

PRODUCT HIGHLIGHTS 

1. Offset voltage is 100% tested and guaranteed on all models. 

2. The ADS 17 exhibits extremely low input bias currents 
without sacrificing CMRR (over lOOdB) or offset voltage 
stability. 

3. The ADS 17 inputs are protected (to tVg), preventing offset 
voltage and bias current degradation due to reverse break- 
down of the input transistors. 

4. Internal compensation is provided, eliminating the need for 
additional components (often required by high accuracy IC 
op amps). 

5. The ADS 17 can directly replace 72S, 108, and ADS 10 am- 
plifiers. In addition, it can replace 741-type amplifiers if the 
offset-nulling potentiometer is removed. 

6. Thermally-balanced layout insures high open-loop gain inde- 
pendent of thermal gradients induced by output loading, 
offset nulling, and power supply variations. 

7. Chips are available. 
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mo (@ +25°CandVs=±15Vdc) 


















Model 


AD517J 
Min Typ Max 


AD517K 
Min Typ 


Max 


Min 


AD517L 
Typ 


Max 


Min 


AD517S 
Typ 


Max 


Units 


OPEN LOOP GAIN 
Vo= ±10V,RLs2kn 
T™„toT„ax,RL = 2kn 


10* 

500,000 


10' 

500,000 


10' 

500,000 


10' 
250,000 


VA' 
V/V 


OUTPUT CHARACTERISTICS 

Voltage C" Rl = 2kfl, T„„n to T^ 
Load Capacitance 
Output Current 
Short Circuit Current 


±10 

1000 
10 

25 


±10 

1000 
10 

25 


±10 

10 


1000 
25 




±10 

10 


1000 
25 




V 

pF 

mA 
mA 


FREQUENCY RESPONSE 

Unity Gain Small Signal 
Full Power Response 
Slew Rate, Unity Gain 


250 
I 5 
10 


250 
1 5 
0.10 


250 
1 5 
10 


250 
1 5 
10 


kHz 
kHz 

V/,xs 


INPUT OFFSET VOLTAGE 
Initial Offset 
Input Offset vs Temp. 
Input Offset vs Supply 
T^ntoTm,^ 


150 

3.0 
25 
40 


75 
1.8 
10 

15 


50 
1.3 
10 

15 


75 
1.8 
10 
20 


ptV 

jxV/°C 

txWfV 


INPUT BIAS CURRENT 

Initial 

Tna.ntoT„ax 

vs.Temp,Tm,„toTmax 


5 
8 
±20 


2 

35 

±10 


1.0 

1 5 

±4 


2.0 
10 

±10 


nA 
nA 

pA/T 


INPUT OFFSET CURRENT 
Initial 

Tmin to Tmax 


1.0 

1 5 


0.75 

1 25 


0.25 

04 


2.0 
10 


nA 
nA 


INPUT IMPEDANCE 
Differential 
Common Mode 


15||1 5 
2 0x10" 


20||1 5 
2 0x10" 


20||1 5 
2.0x10" 


20111 5 
2 0x10" 


MHIIpF 

n 


INPUT VOLTAGE RANGE 
Differential 

Common Mode Rejection 
Common Mode Rejection 
T„^„toT„,ax 


±Vs 
94 

94 


±Vs 
110 

110 


110 

100 


±Vs 




110 
100 


±Vs 




V 
dB 

dB 


INPUT NOISE 
Voltage, 0.1 Hz to lOHz 
f = lOHz 
f = lOOHz 
f = IkHz 
Current, f=10kHz 
f = lOOHz 
f = IkHz 


2 
35 
25 
20 
05 
03 
03 


2 

35 

25 

20 

05 

03 

0.03 


2 

35 

25 

20 

0.05 

03 

03 


2 
35 
25 
20 
05 
03 
03 


^Vp-p 

nV/Vui 

nV/VHz 

nV/VHz 

pA/VHz 

pA/VHz 

pA/\'Hz 


POWER SUPPLY 
Rated Performance 
Operatmg 
Quiescent Current 


±15 
±5 ±18 
4 


±15 

±5 


±18 
3 


±5 ' 


±15 


±18 
3 


±5 


±15 


±18 
3 


V 
V 

mA 


TEMPERATURE RANGE 
Operatmg, Rated Performance 
Storage 


+70 
-65 +150 



-65 


+ 70 
+ 150 



-65 




+ 70 
+ 150 


-55 
-65 




+ 125 
+ 150 


°C 


PACKAGE' 
TO-99 Style (H-08B) 


AD517JH 


AD517KH 


AD517LH 


AD517SH 





NOTES 

'See Section 16 for package outline information 

Specifications sub)ect to change without notice 

Specifications shown in boldface are tested on all production units at final 

electrical test Results from those tests are used to calculate outgoing quality 

levels All mm and max specifications are guaranteed, although only those 

shown in boldface are tested on all production units 
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Typical Performance Curves 
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Applying the AD51 7 



NULLING THE AD5 17 

The internally-trimmed offset voltage of the AD 517 will be low 
enough for most circuits without further nulling. However, in 
high precision appHcations, the ADS 17 may be nulled using 
either of the following methods: 

Figure lA shows a simple circuit using a 10kl2, ten-turn poten- 
tiometer. This circuit allows nulling to within several microvolts. 

The circuit of Figure IB is recommended in applications where 
nulling to within IjuV is desired. This circuit has the advantage 
that potentiometer instability effects are reduced by a factor 
of ten. Values of Ri' and R2' are calculated as follows: 

1. Null the offset to zero using a standard 10k pot, as shown 
in Figure lA. 

2. Measure pot halves Rj and R2. 

3. Calculate: 
Ri X 50k!^, , R, X 50kn 

50kl2-R. ^ ~ SOk^-R^ 



Ri' = 



4. Replace the pot with Rj' and R2' using the closest value 
1% metal film resistors. 

5. Use a 100k, ten-turn pot for R to complete the nulling. 




10k 
10 TURNS 

A. Simple 




B. High Precision 
Figure 1. Nulling Circuits 

AN INSTRUMENT INPUTAMPLIFIER USING THE ADS 17 L 

The circuit shown in Figure 2 represents a typical input stage 
for laboratory instruments and panel meters. The amplifier is 
non-inverting and offers selectable gains from 1 to 1000 in 
decade steps. 



INPUT > 




R13 

loon 0.02% 



Figure 2. Stable Instrument Input Amplifier 



Input impedance of this amplifier is 10 megohms, determined 
by resistor Rj. The offset nulling network comprised of R3, 
R4 and R5 is the same one described earlier. If a less precise 
adjustment can be tolerated, a single 10k potentiometer can be 
substituted for R3, R4 and R5. 

Gain switching is accomplished in the feedback network. The 
divider consisting of Rjo» Rn. R12 ^"^ ^13 determines the 
gain by dividing the output and returning it to the inverting 
input of the amplifier. The ratio tolerances of these resistors 
uniquely determine the gain of the amplifier. The impedance 
seen by the inverting input is held constant at 10k ohms by 
R5, Ry Rg or R9 depending on the gain selected. Since input 
bias currents flow through equal resistances, the offset voltages 
produced will cancel each other. The input offset currents will 
produce an insignificant offset voltage on the order of 1 micro- 
volt. If this offset is nulled out at the highest gain selected, it 
will be nulled on all ranges. 

The ADS 17 offers excellent temperature stability in this cir- 
cuit. Once the offset has been zeroed, the error produced by 
offset current drift will remain quite low due to the extremely 
low offset current drift of the ADS 17. A FET-input op amp 
would not work well in this application, since the input offset 
currents would double for each 10 C increase in temperature, 
soon exceeding the input offset currents of the AD SI 7. 
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CHIP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 




OUTPUT 



CHIP EDGE 



THE AD517 IS AVAILABLE IN 
LASER-TRIMMED CHIP FORM. 
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ANALOG 
DEVICES 



High Performance 
BiFET Operational Amplifiers 



AD542/AD544/AD547 



FEATURES 

Ultralow Drift: 1»jlV/X - AD547L 

Low Offset Voltage: 0.25mV - AD547L 

Low Input Bias Currents: 25pA max, Warmed-Up 

Low Quiescent Current: 1.5mA 

Low Noise: 2|jiV p-p 

High Open Loop Gain: 110dB 

High Slew Rate: 13V/^s 

Fast Settling to ±0.01%: 3|jis 

Low Total Harmonic Distortion: 0.0025% 



PRODUCT DESCRIPTION 

The BiFET series are precision monolithic FET-input operational 
amplifiers fabricated with the most advanced BiFET and laser 
trimming technologies. The series offers bias currents significantly 
lower than currently available BiFET devices, 25pA max, warmed- 
up. 

In addition, the offset voltage is laser trimmed to less than 
0.25mV on the AD547L which is achieved by utihzing Analog's 
exclusive laser- wafer trimming (LWT) process. When combined 
with the AD547's low offset voltage drift (l|xV/°C), these features 
offer the user IC performance truly superior to existing BiFET 
op amps-and at low, BiFET pricing. 

The AD542 or AD547 is recommended for any operational 
amplifier application requiring excellent dc performance at low 
to moderate costs. Precision instrument front ends requiring 
accurate amplification of millivolt level signals from megohm 
source impedances will benefit from the device's excellent com- 
bination of low offset voltage and drift, low bias current and 
low 1/f noise. High common mode rejection (80dB, min on the 
"K" and "L" versions) and high open-loop gain-even under 
heavy loading-ensures better than "12-bit" linearity in high 
impedance buffer applications. 

The AD544 is recommended for any operational amplifier appli- 
cation requiring excellent ac and dc performance at low cost. 
The 2MHz bandwidth and low offset of the AD544 make it the 
first choice as an output amplifier for current output D/A con- 
verters such as the AD7541, 12-bit CMOS DAC. 

Devices in this series are available in four versions: the "J", 
"K" and "L" are specified over the to + 70°C temperature 
range and the "S" over the - 55°C to + 125°C operating tem- 
perature range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 



AD542, AD544, AD547 FUNCTIONAL BLOCK DIAGRAM 

TAB 




OUTPUT 



NONINVERTING 
INPUT 



V-(CASE) 
TOP VIEW 

PRODUCT HIGHLIGHTS 

1. Improved bipolar and JFET processing results in the lowest 
bias current available in a monolithic FET op amp. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the device 
will meet its published specifications in actual use. 

3. Advanced laser wafer trimming techniques reduce offset 
voltage drift to 1|jlV/°C max and offset voltage to only 0.25mV 
max on the AD547L. 

4. Low voltage noise (2|jlV, p-p), and low offset voltage drift 
enhance performance as a precision op amp. 

5. The high slew rate (13.0V/|xs) and fast settling time to 0.01% 
(3.0|jLs) make the AD544 ideal for D/A, A/D, sample-hold 
circuits and high speed integrators. 

6. Low harmonic distortion (0.0025%) make the AD544 an 
ideal choice for audio applications. 

7. Unmounted chips available for hybrid circuit applications. 
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UnO (@ +25*1; and Vs= ±15Y dc) 






Model 












AD542 


AD544 


AD547 






Min Typ Max 


Min Typ Max 


Min Typ Max 


Units 


OPEN LOOP GAIN' 










VouT= ±10VRLS=2kn 










J 


100,000 


30,000 


100,000 


VA^ 


K,L,S 


250,000 


50,000 


250,000 


V/V 


TA = T„.„toT„„ 










J 


100,000 


20,000 


100,000 


V/V 


s 


100,000 


20,000 


100,000 


V/V 


K,L 


2S0,000 


40,000 


250,000 


V/V 


OUTPUT CHARACTERISTICS 


' 








VouT = Ri, =2kft 










Ta = Tmin to Tmax 


±10 ±12 


±10 ±12 


±10 ±12 


Volts 


VouT = Ri. = lOkn 










TA = T„,„t0T„ax 


±12 ±13 


±12 ±13 


±12 ±13 


Volts 


Short Circuit Current 


25 


25 


25 


mA 


FREQUENCY RESPONSE 










UmtyGam, Small Signal 


1.0 


20 


1.0 


MHz 


Full Power Response 


50 


200 


50 


kHz 


Slew Rate, Unity Gain 


2.0 3 


8.0 13 


2.0 3.0 


v/^ls 


Total Harmonic Distortion 
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INPUT OFFSET VOLTAGE^ 










J 


2.0 


2.0 


1.0 


mV 


K 


1.0 


1.0 


0.5 


mV 


L 


0.5 


0.5 


0.25 


mV 


S 


1.0 


1.0 


0.5 


mV 


vs Temperature^ 
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J 
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20 
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|xV/X 


K 


10 


10 


2 


^iV/°C 


L 


5 


5 


1 


tivrc 


S 


15 


15 


5 


iiwrc 
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J 
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200 


(jlV/V 


K,L,S 


100 


100 
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fjiV/V 


INPUT BIAS CURRENT'* 










Either Input 










J 


50 


50 


50 


pA 


K,L,S 


10 25 


10 25 


10 25 


pA 


Input Offset Current 










J 


5 15 


5 15 


5 15 


pA 


K,L,S 


2 15 


2 15 


2 15 


pA 


INPUT IMPEDANCE 










Differential 


10'^n||6pF 


10'^II||6pF 


10'^n||6pF 




Common Mode 


10'^lI||3pF 


10'^ii||3pF 


10'^n||3pF 




INPUT VOLTAGE' 










Differential 


±20 


±20 


±20 


Volts 


Common Mode 


±10 ±12 


±10 ±12 


±10 ±12 


Volts 


Common-Mode Rejection 


, 








V,N = ± lOV 










J 


76 


76 


76 


dB 


K,L,S 


80 


80 


80 


dB 


POWER SUPPLY 










Rated Performance 


±15 


±15 


±15 


Volts 


Operating 


±5 ±18 


±5 ±18 


±5 ±18 


Volts 


Quiescent Current 


1 1 1.5 


1 8 2.5 


1 1 1.5 


mA 


VOLTAGE NOISE 










1-lOHz 










J 


20 


20 


2 


(xVp-p 


K,L,S 


20 


20 


4.0 


^Vp-g_ 


lOHz 


70 


35 


70 


nV/VHz 


lOOHz 


45 


22 


45 


nV/\ Hz 


IkHz 


30 


18 


30 


nV/\ H> 


lOkHz 


25 


16 


25 


nV/\ Hz 


TEMPERATURE RANGE 










Operating, Rated Performance 










J,K,L 


Oto f 70 


Oto * 70 


Oto ♦ 70 


■c 


S 


55 to ( 125 


55 to ) 125 


55 to* 125 


''C 


Storage 


65 to i 150 


65 to ( 165 


65 to * 165 


T. 


PACKAGE OPTIONS* 










TO-99(H-08A) 


AD542JH,AD542KH 


AD544JH,AD544KH 


AD547JH,AD547KH 






AD542LH,AD542SH 


AD544LH,AD544SH 


AD547LH,AD547SH 





NOTES 

'Open Loop Gam is specified with Vqs both nulled and unnulled 

^Input Offset Vohage specifications are guaranteed after 5 minutes 

of operation at Ta = +25°C. 
'Input Offset Voltage Drift is specified with the offset voltage 

unnulled Nulling will induce an additional 3|ji,V/''C/mV of 

nulled offset. 
'*Bias Current specifications are guaranteed maximum at either 

input after 5 minutes of operation at Ta = +25°C For higher 

temperatures, the current doubles every lO'C 



^Defined as the maximum safe voltage between inputs, such that 
neither exceeds ± lOV from ground. 
*See Section 16 for package outhne mformation 
Specifications subject to change without notice 

Specifications shown in boldface are tested on all production units at final electri- 
cal test Results from those tests are used 10 calculate outgoing quality levels All 
mm and max specifications are guaranteed, although only those shown m 
boldface are tested on all production umts 
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Typical Characteristics 
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Figure 1. Input Voltage Range vs. 
Supply Voltage 
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Figure 4. Input Bias Current vs. 
Supply Voltage 
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Figure 7. Change in Offset Voltage 
vs. Warm-Up Time 
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Figure 10. Open Loop Voltage 
Gain vs. Supply Voltage 



20 








A 










/ / 


i 






/ 


/ 


^ 




*voutX y 


































-. 






^/-yom 




o 




X 


X 








X 


/ 




5 




// 


25°C 




1 5 




// 


RL-2k 






y 











6 


5 2( 
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Figure 2. Output Voltage Swing vs. 
Supply Voltage 
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Figure 5. Input Bias Current vs. 
Temperature 
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Figure 8. Open Loop Gain vs. 
Temperature 
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Figure 11. Power Supply Rejection 
vs. Frequency 
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Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 9. Open Loop Frequency 
Response 
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Figure 12. Common Mode Rejection 
Ratio vs. Frequency 
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Figure 13. Quiescent Current vs. 
Supply Voltage 



Figure 14. Large Signal Frequency 
Response 
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Figure 15. AD544 Output Settling Time vs. 
Output Swing and Error 
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Figure 16. AD544Total Harmonic 
Distortion vs. Frequency 



Figure 17. Input Noise Voltage 
Spectral Density 





a. Unity Gain Follower 

Figure 19. T.H. 



b. Follower with Gain =10 
D. Test Circuits 





Figure 2 la. Unity Gain Follower 
Pulse Response (Large Signal) 



Figure 2 lb. Unity Gain Folio wer 
Pulse Response (Small Signal) 




Figure 22a. Unity Gain In verter- 
AD542/AD547 



Figure 22b. Unity Gain In verter 
Pulse Response (Large Signal) 



(WHEREVER JOHNSON NOISE IS GREATER THAN 
AMPLIFIER NOISE, AMPLIFIER NOISE CAN BE 
CONSIDERED NEGLIGIBLE FOR APPLICATION) 




105 106 107 IQB 109 1010 10" 

SOURCE IMPEDANCE - n 

Figure 18. Total rms Noise vs. Source 
Resistance 

+Vs -Vs 




Figure 20. Standard Null Circuit 




Figure 2 1c. Unity Gain Follower- 
AD542/AD547 




Figure 22c. Unity Gain In verter 
Pulse Response (Small Signal) 
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Figure 23a. Unity Gain Follower 
Pulse Response (Large Signal) 



Figure 23b. Unity Gain Follower 
Pulse Response (Small Signal) 



Figure 23c. Unity Gain Follower 




Figure 24a. Unity Gain Inverter 





Figure 24b. Unity Gain Inverter 
Pulse Response (Large Signal) 



Figure 24c. Unity Gain Inverter 
Pulse Response (Small Signal) 



SCOPE PROBE, 20pF OR LESS s^OPE VERTICAL 
J 1MV/DIV 
4 99k Jf 4 99k w Vin-Vqut 




Figure 25. Settling Time Test Circuit 

The upper trace of the oscilloscope photograph of Figure 26 
shows the settling characteristic of the AD544. The lower trace 
represents the input to Figure 27. The AD544 has been designed 
for fast settHng to 0.01%, however, feedback components, circuit 
layout and circuit design must be carefully considered to obtain 
the optimum settling time. 



\ 



4 99kn 
O— AAAr 
INPUT 



TYPICAL CAPACITANCE 
LIMIT FOR VARIOUS 
LOAD RESISTORS 




2kn - IBOOpF 
lOkfi - 600pF 
20kfi -> BOOpF 

Figure 27. Circuit for Driving a Large Capacitance Load 

The circuit in Figure 27 employs a 10011 isolation resistor which 
enables the amplifier to drive capacitance loads exceeding 500pF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the 10011 series resistor and the load capacitance, 
Cl. 







VERROR.lmV/DIV 
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Figure 26. Settling Characteristic Detail - AD544 



Figure 28. Transient Response Rl =2kn Cl = 500pF-AD544 
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ORDERING GUIDE 





Initial 


Offset 


Settling Time 




Offset 


Voltage 


to ±0.012% for 


Model 


Voltage 


Drift 


lOVStep 


AD542JH 


2.0mV 


20|xvrc 


5m,s 


AD542KH 


l.OmV 


lOjjivrc 


5|JLS 


AD542LH 


0.5mV 


5fjiV/X 


5pLS 


AD542SH 


l.OmV 


ISfxVrC 


SfJLS 


AD547JH 


l.OmV 


5fjLV/°C 


5M.S 


AD547KH 


0.5mV 


2M.vrc 


SfJLS 


AD547LH 


0.25mV 


1^jlV/X 


5J.S 


AD547SH 


0.5mV 


5fjLV/°C 


5M-S 


AD544JH 


2.0mV 


20m.V/°C 


3|xs 


AD544KH 


l.OmV 


iO|xvrc 


3M.S 


AD544LH 


0.5mV 


5fjLV/°C 


3M.S 


AD544SH 


l.OmV 


15m<V/°C 


B^LS 



BiFET Application Hints 

APPLICATION NOTES 

The BiFET series was designed for high performance op-amp 
appHcations that require true dc precision. To capitalize on all 
of the performance available from the BiFETs there are some 
practical error sources that should be considered. 

The bias currents of JFET input amplifiers double with every 
10°C increase in chip temperature. Therefore, minimizing the 
junction temperature of the chip will result in extending the 
performance limits of the device. 

1. Heat dissipation due to power consumption is the main con- 
tributor to self-heating and can be minimized by reducing 
the power supplies to the lowest level allowed by the applica- 
tion. 

2. The effects of output loading should be carefully considered. 
Greater power dissipation increases bias currents and decreases 
open loop gain. 

GUARDING 

The low input bias current (25pA) and low noise characteristics 
of the high performance BiFET op amp make it suitable for 
electrometer applications such as photo diode preamplifiers and 
picoampere current-to- voltage converters. The use of guarding 
techniques in printed circuit board layout and construction is 
critical for achieving the ultimate in low leakage performance 
available from these amplifiers. The input guarding scheme 
shown in Figure 29 will minimize leakage as much as possible; 
the guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should not 
be extended for any unnecessary length on a printed circuit. 



SAME PATTERN SHOULD BE 
LAID OUT ON BOTH SIDES 
OF P C. BOARD 




INPUT PROTECTION 

The BiFET series is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design also 
allows differential input voltages of up to ± 1 volt while maintaining 
the full differential input resistance of lO^^H. This makes the 
BiFET series suitable for comparator situations employing a 
direct connection to high impedance source. 

Many instrumentation situations, such as flame detectors in gas 
chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-to- voltage converting amplifier. This possibility necessi- 
tates some form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate zener 
protection schemes which often compromise overall performance. 
The BiFET series requires input protection only if the source is 
not current-limited, and as such is similar to many JFET-input 
designs. The failure mode would be overheating from excess 
current rather than voltage breakdown. If the source is not 
current-Umited, all that is required is a resistor in series with 
the affected input terminal so that the maximum overload current 
is 1.0mA (for example, lOOkO for a 100 volt overload). This 
simple scheme will cause no significant reduction in performance 
and give complete overload protection. Figure 30 shows proper 
connections. 




,,..J1 -T^p ""'i^ 



Rp TYPICALLY lOOkfi TO 1Mi2 

FOR TRANSIENTS LESS THAN 1 SECOND 



- FOR CONTINUOUS OVERLOADS 



Figure 30. Input Protection 



(BOTTOM VIEW) 



Figure 29. Board Layout for Guarding Inputs 
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Applications 



D/A CONVERTER APPLICATIONS 

The BiFET series of operational amplifiers can be used with 
CMOS DACs to perform both 2-quadrant and 4-quadrant oper- 
ation. The output impedance of a CMOS DAC varies with the 
digital word, thus changing the noise gain of the amplifier circuit. 
The effect will cause a nonlinearity the magnitude of which is 
dependent on the offset voltage of the amplifier. The BiFET 
series with trimmed offset will minimize this effect. Additionally, 
the Schottky protection diodes recommended for use with many 
older CMOS DACs are not required when using one of the 
BiFET series ampUfiers. 

Figure 31a shows the AD547 and AD7541 configured for unipolar 
binary (2-quadrant multiplication) operation. With a dc reference 
voltage or current (positive or negative polarity) applied at pin 
17, the circuit operates as a unipolar converter. With an ac 
reference voltage or current, the circuit provides 2-quadrant 
multiplication (digitally controlled attenuation). 



BIPOLAR 

ANALOG INPUT 

±10V 




Figure 31a. AD547 Used as DAC Output Amplifier 

The oscilloscope photo of Figure 31b shows the output of the 
circuit of Figure 31a. The upper trace represents the reference 
input, and the bottom trace shows the output voltage for a 
digital input of all ones on the DAC (Gain 1-2"). The 47pF 
capacitor across the feedback resistor compensates for the DAC 
output capacitance, and the 150pF load capacitor serves to 
minimize output glitches. 



Vref in, 20V P-P, 33kHz 



5V/DIV VERT 
5(is/DIV HORIZ 




Figure 31b. Voltage Output DAC Settling Characteristic 

Figure 32a illustrates the 10-bit digital-to-analog converter, 
AD7533, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and Vref can accept a bipolar 
analog input, the circuit can perform a 4-quadrant multiplying 
function. 







NOTES 

1 R3/R4 MATCH 05% OR BETTER 

2 R1. R2 USED ONLY IF GAIN 
ADJUSTMENT IS REQUIRED 



Figure 32a. AD544 Used as DAC Output Amplifiers 

The photos exhibit the response to a step input at Vref* Figure 
32b is the large signal response and Figure 32c is the small 
signal response. CI phase compensation (15pF) is required for 
stability when using high speed amplifiers. CI is used to cancel 
the pole formed by the DAC internal feedback resistance and 
the output capacitance of the DAC. 




Figure 32b. Large Signal Response 



p 








^f 


1 1 














ng 






















/ 






\ , 








/ 






\ 








/ 






\ 




— 




_ 


z 


Stay 


Its 


_ 



Figure 32c. Small Signal Response 

USING THE AD547 IN LOG AMPLIFIER 
APPLICATIONS 

Log amplifiers or log ratio ampHfiers are useful in applications 
requiring compression of wide-range analog input data, lineari- 
zation of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural relationships 
in log form (e.g., computing absorbence as the log-ratio of input 
currents), to the use of logarithms in facilitating analog compu- 
tation of terms involving arbitrary exponents and multi-term 
products and ratios. 

The picoamp level input current and low offset voltage of the 
AD547 make it suitable for wide dynamic range log ampHfiers. 
Figure 33 is a schematic of a log ratio circuit employing the 
AD547 that can achieve less than 1% conformance error over 5 
decades of current input, InA to IOOjjlA. For voltage inputs, the 
dynamic range is typically 50m V to lOV for 1% error, limited 
on the low end by the ampUfiers' input offset voltage. 
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100k 

V2 0-v\^ — 4- 



VouT = - IV LOGio I1/I2 
OR-1VLOGio Vt/V2 



Rjc TEL LABS 
+3500ppm Q81 



NOTES 

CIRCUIT SHOWN FOR NEGATIVE V OR I|n 

FOR POSITIVE INPUTS, Q1 = PNP, AND Va = -15V 



Figure 33. Log-Ratio Amplifier 

The conversion between current (or voltage) input and log output 
is accomplished by the base emitter junctions of the dual transistor 
Ql. Assuming Ql has p>100, which is the case for the specified 
transistor, the base-emitter voltage on side 1 is to a close ap- 
proximation: 

Vbea = kT/qlnI,/Isi 

This circuit is arranged to take the difference of the Vbh's of 
QIA and QIB, thus producing an output voltage proportional 



to the log of the ratio of the inputs: 

VouT= -KCVbh A - Vbeb)= -^ (In I,/Is, -In lAz) 

VouT=-KkT/qlnIi/l2 

The scaling constant, K is set by Rl and Rpc to about 16, to 
produce IV change in output voltage per decade difference in 
input signals. Rtc is a special resistor with a +3500ppm/°C 
temperature coefficient, which makes K inversely proportional 
to temperature, compensating for the "T" in kT/q. The log-ratio 
transfer characteristic is therefore independent of temperature. 

This particular log ratio circuit is free from the dynamic problems 
that plague many other log circuits. The - 3dB bandwidth is 
50kHz over the top 3 decades, lOOnA to lOOfjiA, and decreases 
smoothly at lower input levels. This circuit needs no additional 
frequency compensation for stable operation from input current 
sources, such as photodiodes, that may have lOOpF of shunt 
capacitance. For larger input capacitances a 20pF integration 
capacitor around each amplifier will provide a smoother frequency 
response. 

This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply 
V1 = V2= -lO.OOV and adjust "Balance" for Vout = 0-OOV. 
Next apply VI = - lO.OOV, V2 = - l.OOV and adjust gain for 
VouT= + l.OOV. Repeat this procedure until gain and balance 
readings are within 2m V of ideal values. 




Figure 34. Differentiator 
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Figure 37. Capacitance Multiplier 
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Figure 35. Low Drift Integrator and Low-Leakage Guarded 
Reset 
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Figure 38. Long Interval Timer - 1,000 Seconds 




Figure 36. Wien-Bridge Oscillator - fo= 10kHz 
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Figure 39. Positive Peak Detector 




ANALjOG 
DEVICES 



Precision, Low-Power BiFET Op Amp 




FEATURES 

DC Performance: 

200tiiA max Quiescent Current 

lOpA max Bias Current, Warmed Up (AD548C) 

250^V max Offset Voltage (AD548C) 

2jjlV/°C max Drift (AD548C) 

2)jiV p-p Noise, 0.1 to 10Hz 
AC Performance: 

1.8 V/(jis Slew Rate 

1MHz Unity Gain Bandwidth 
Available in Plastic, Hermetic Cerdip and 

Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 
Dual Version Available: AD648 



PRODUCT DESCRIPTION 

The AD548 is a low-power, precision monolithic operational 
amplifier. It offers both low bias current (lOpA max, warmed 
up) and low quiescent current (200|xA max) and is fabricated 
with ion-implanted FET and laser wafer trimming technologies. 
Input bias current is guaranteed over the AD548's entire common- 
mode voltage range. 

The economical J grade has a maximum guaranteed input offset 
voltage of less than 2mV and an input offset voltage drift of less 
than 20|xV/°C. The C grade reduces input offset voltage to less 
than 0.25mV and offset voltage drift to less than 2|xV/°C. This 
level of dc precision is achieved utilizing Analog's laser wafer 
drift trimming process. The combination of low quiescent current 
and low offset voltage drift minimizes changes in input offset 
voltage due to self-heating effects. Five additional grades are 
offered over the commercial, industrial and military temperature 
ranges. 

The AD548 is recommended for any dual supply op amp appli- 
cation requiring low power and excellent dc and ac performance. 
In applications such as battery-powered, precision instrument 
front ends and CMOS DAC buffers, the AD548's excellent 
combination of low input offset voltage and drift, low bias current 
and low 1/f noise reduces output errors. High common-mode 
rejection (86dB, min on the "C" grade) and high open-loop gain 
ensures better than 12 -bit linearity in high impedance, buffer 
applications. 

The AD 548 is pinned out in a standard op amp configuration 
and is available in seven performance grades. The AD548J and 
AD548K are rated over the commercial temperature range of 
to +70°C. The AD548A, AD548B and AD548C are rated over 
the industrial temperature range of — 40°C to +85°C. The 
AD548S and AD548T are rated over the military temperature 
range of - 55°C to + 125°C and are available processed to MIL- 
STD-883B, Rev. C. 

Extended reliability PLUS screening is available for parts specified 
over the commercial and industrial temperature ranges. PLUS 



AD548 CONNECTION DIAGRAMS 

Plastic Mini-DIP (N) Package 

and 

Cerdip (Q) Package 



OFFSET NULL 



E 

;?[H 

1?E- 



OFFSET NULL 



TO-99 

(H) Package 



OFFSET NULL ( 1 




5) OFFSET NULL 



NOTE PIN 4 CONNECTED TO CASE 

Wr— © 

I (4) -15V 

Vos TRIM 
TOP VIEW 

screening includes 168-hour burn-in, as well as other environ- 
mental and physical tests. 

The AD548 is available in an 8-pin plastic mini-DIP, cerdip, 
small outline or TO-99 metal can. 

PRODUCT HIGHLIGHTS 

1. A combination of low supply current, excellent dc and ac 
performance and low drift makes the AD548 the ideal op 
amp for high-performance, low-power applications. 

2. The AD548 is pin compatible with industry standard op 
amps such as the LF441, TL061, and AD542, enabling 
designers to improve performance while achieving a reduction 
in power dissipation of up to 85%. 

3. Guaranteed low input offset voltage (2mV max) and drift 
(20|jlV/°C max) for the AD548J are achieved utilizing Analog 
Devices' laser drift trimming technology, eliminating the 
need for external trimming. 

4. Analog Devices specifies each device in the warmed-up con- 
dition, insuring that the device will meet its published specifica- 
tions in actual use. 

5. A dual version, the AD648 is also available. 

6. The AD548 is available in chip form. 
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SPECIFICATIONS 



+ 25°C and Ys = ± 15V dc, unless otheiwise noted) 



Model 


AD548J/A/S 




AD548K/B/T 




AD548C 






Min Typ Max 


Min 


Typ Max 


Min 


Typ Max 


Units 


INPUT OFFSET VOLTAGE' 














Initial Offset 


0.75 2.0 




0.3 0.5 




10 0.25 


mV 


T„„ntoT^ax 


3.0/3.0/3.0 




0.7/0.8/1.0 




0.4 


mV 


vs Temp. 


20 




5 




2.0 


ixwrc 


vs. Supply 


80 




86 




86 


dB 


vs. Supply, Tmin to Tmax 


76/76/76 




80 




80 


dB 


Long-Term Offset Stability 


15 




15 




15 


M-V/month 


INPUT BIAS CURRENT 














Either Input^VcM = 


5 20 




3 10 




3 10 


pA 


Either Input^ at T^ax, V^m = 


0.45/1.3/20 




0.25/0 65/10 




65 


nA 


Max Input Bias Current Over 














Common-Mode Voltage Range 


30 




15 




15 


pA 


Offset Current, VcM = 


5 10 




2 5 




2 5 


pA 


Offset Current at T,„ax 


0.25/0 65/10 




15/0.35/5 




35 


nA 


INPUT IMPEDANCE 














Differential 


1 X 10'^1|3 




IxlO'^p 




1 x 10'^||3 


(l||pF 


Common Mode 


3xl0'i3 




3xlO'^||3 




3xlO'^||3 


flllpF 


INPUT VOLTAGE RANGE 














Differential^ 


±20 




±20 




±20 


V 


Common Mode 


±11 ±12 


±11 


±12 


±11 


±12 


V 


Common-Mode Rejection 














Vr,M=±10V 


76 90 


82 


92 


86 


98 


dB 


Tm.ntoTn,ax 


76/76/76 90 


82 


92 


86 


98 


dB 


VcM-±llV 


70 84 


76 


86 


76 


90 


dB 


Tm,ntoT„,ax 


70/70/70 84 


76 


86 


76 


90 


dB 


INPUT VOLTAGE NOISE 














Voltage IHztolOHz 


2 




2 




2 4.0 


M-Vp-p 
nV/\4l^ 


f = lOHz 


80 




80 




80 


f = lOOHz 


40 




40 




40 


nV/VHz 


f = IkHz 


30 




30 




30 


nV/VHz 


f = lOkHz 


30 




30 




30 


nV/VHz 


INPUT CURRENT NOISE 














f = IkHz 


1.8 




1 8 




1.8 


fA/VEk 


FREQUENCY RESPONSE 














Unity Gam, Small Signal 


08 10 


08 


1.0 


08 


1.0 


MHz 


Full Power Response 


30 




30 




30 


kHz 


Slew Rate, Unity Gain 


1.0 1 8 


1.0 


1 8 


1.0 


1.8 


V/ns 


Settling Time to ±0.01% 


8 




8 




8 


|xs 


OPEN LOOP GAIN 














Vo=±10V,Ri.>10kO 


300 1000 


300 


1000 


300 


1000 


V/mV 


Tm,ntoT„ax,Ri,^10kn 


300/300/300 700 


300 


700 


300 


700 


V/mV 


Vo= ±10V,Ri.>5ka 


150 500 


150 


500 


150 


500 


V/mV 


Tm.nt0T„,ax,RL^5kn 


150/150/150 300 


150 


300 


150 


300 


V/mV 


OUTPUT CHARACTERISTICS 














Voltage r« Ri,>10kO, 


±12 ±13 


±12 


±13 


±12 


±13 


V 


Tm,nt0T„,ax 


±12/±12/±12 


±12 




±12 






Voltage r« Ri,>5ka, 


±11 ±123 


±11 


±12 3 


±11 


±12 3 


V 


T„,.ntoTn,ax 


±11/±11/±11 


±11 




±11 






Short Circuit Current 


15 




15 




15 


mA 


POWER SUPPLY 














Rated Performance 


±15 




±15 




±15 


V 


Operating Range 


±4.5 ±18 


±4.5 


±18 


±4.5 


±18 


V 


Quiescent Current 


170 200 




170 200 




170 200 


J.A 


TEMPERATURE RANGE 














Operating, Rated Performance 














Commercial (0 to + 70°C) 


AD548J 




AD548K 








Industrial (-40°C to +85°C) 


AD548A 




AD548B 




AD548C 




Military(-55°Cto + 125°C) 


AD548S 




AD548T 








PACKAGE OPTIONS^ 














Plastic (N-8) 


AD548JN 




AD548KN 








Cerdip(Q-8) 


AD548AQ,AD548SQ 




AD548BQ,AD548TQ 




AD548CQ 




Metal Can (H-08A) 


AD548AH,AD548SH 




AD548BH,AD548TH 




AD548CH 





NOTES 

'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta ^ + 25°C 
^Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at Ta = + 25°C 
For higher temperature, the current doubles every 10°C 

^Defined as voltages between inputs, such that neither exceeds ± lOV from ground. 
^See Section 16 for package outline information 
Specifications subject to change without notice. 

Specifications m boldface are tested on all production units at final electrical test Results from those tests are used to 
calculate outgoing quality levels All min and max specifications are guaranteed, although only those shown m boldface 
are tested on all production units 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage ±18V 

Internal Power Dissipation 500mW 

Input Voltage^ ± 18V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage +Vsand — Vs 

Storage Temperature Range Q, H -65°C to + ISO^C 

N -65°Cto +125*'C 

Operating Temperature Range 

AD548J/K to +70°C 

AD548Ay^/C -WCto +85°C 

AD548S/T -55X to + 125**C 

Lead Temperature Range (Soldering 60sec) SOO^C 

NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
impUed. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

^For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 



INVERTING 2 
INPUT 



NONINVERTING 
INPUT 



0.067 
(1.702) 



CHIP DIMENSIONS AND PAD LAYOUT 

Dimensions shown in inches and (mm). 



0.072 
(1.829) 



OFFSET NULL 
1 




7 V + 



6 OUTPUT 



5 OFFSET NULL 
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SUPPLY VOLTAGE - ± V 



Figure 1. Input Voltage Range 
Vs. Supply Voltage 
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Figure 4. Quiescent Current Vs. 
Supply Voltage 




COMMON-MODE VOLTAGE - V 



Figure 7. Input Bias Current Vs. 
Common-Mode Voltage 
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Figure 10. Open Loop Frequency 
Response 
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SUPPLY VOLTAGE - ±V 



Figure 2. Output Voltage Swing 
Vs. Supply Voltage 
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SUPPLY VOLTAGE - ±V 



Figure 5. Input Bias Current 
Vs. Supply Voltage 
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Figure 8. Change in Offset Voltage 
Vs. Warm-Up Time 
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Figure 1 1. Open Loop Voltage Gain 
Vs. Supply 
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Figure 3. Output Voltage Swing 
vs. Resistive Load 
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Figure 6. Input Bias Current Vs. 
Temperature 
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Figure 9. Open Loop Gain Vs. 
Temperature 
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Figure 12. PSRR Vs. Frequency 
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Typical Characteristics 
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Figure 13. CMRR Vs. Frequency 
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Figure 16. Total Harmonic 
Distortion vs. Frequency 
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Figure 14. Large Signal Frequency 
Response 
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Figure 17. Input Noise Voltage 
Spectral Density 
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Figure 15. Output Settling Time Vs. 
Output Swing and Error Voltage 



WHENEVER JOHNSON NOISE IS GREATER THAN 
AMPLIFIER NOISE, AMPLIFIER NOISE CAN BE 
CONSIDERED NEGLIGIBLE FOR APPLICATION 




100K 1M 10M 100M 1G 10G 100G 

SOURCE IMPEDANCE - 11 

Figure 18. Total Noise Vs. Source 
Resistance 




Figure 19a. Unity Gain Follower 




SQUARE 

WAVE 

INPUT 



AD548 J±) *-« 

1|jiF ^lOkil -p lOOpF 

i, V ^ ^ 



Figure 20a. Unity Gain Inverter 




Figure 19b. Unity Gain Follower 
Pulse Response (Large Signal) 



Figure 20b. Unity Gain Inverter 
Pulse Response (Large Signal) 




Figure 19c. Unity Gain Follower 
Pulse Response (Small Signal) 




Figure 20c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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Applying the AD548 



APPLICATION NOTES 

The AD548 is a JFET-input op amp with a guaranteed maximum 
Ib of less than lOpA, and offset and drift laser-trinuned to 0.25mV 
and 2jxV/°C respectively (AD548C). AC specs include IMHz 
bandwidth, 1.8V/|jls typical slew rate and Sfis settling time for a 
20V step to ±0.01% - all at a supply current less than 2Q0\lA. 
To capitalize on the device's performance, a number of error 
sources should be considered. 

The minimal power drain and low offset drift of the ADS48 
reduce self-heating or "warm-up" effects on input offset voltage, 
making the AD548 ideal for on/off battery powered applications. 
The power dissipation due to the AD548's 200|xA supply current 
has a negligible effect on input current, but heavy output loading 
will raise the chip temperature. Since a JFET*s input current 
doubles for every 10**C rise in chip temperature, this can be a 
noticeable effect. 

The amplifier is designed to be functional with power supply 
voltages as low as ±4.5V. It will exhibit a higher input offset 
voltage than at the rated supply voltage of ± 15V, due to power 
supply rejection effects. The common-mode range of the AD548 
extends from 3V more positive than the negative supply to IV 
more negative than the positive supply. Designed to cleanly 
drive up to lOkH and lOOpF loads, the AD548 will drive a 2ka 
load with reduced open loop gain. 

OFFSET NULLING 

Unlike bipolar input amplifiers, zeroing the input offset voltage 
of a BiFET op amp will not minimize offset drift. Using balance 
Pins 1 and 5 to adjust the input offset voltage as shown in Figure 
21 will induce an added drift of 0.24jjlV/°C per lOOjiV of nulled 
offset. The low initial offset (0.25mV) of the AD548C results in 
only 0.6\LVrC of additional drift. 




Figure 21. Offset Null Configuration 

LAYOUT 

To take full advantage of the AD548's lOpA max input current, 
parasitic leakages must be kept below an acceptable level. The 
practical limit of the resistance of epoxy or phenolic circuit 
board material is between 1 x lO^^H and 3 x lO^^ft. This can 
result in an additional leakage of 5pA between an input of OV 
and a - 15V supply line. Teflon or a similar low leakage material 
(with a resistance exceeding 10^^11) should be used to isolate 
high impedance input lines from adjacent lines carrying high 
voltages. The insulator should be kept clean, since contaminants 
will degrade the surface resistance. 

A metal guard completely surrounding the high impedance 
nodes and driven by a voltage near the conunon-mode input 
potential can also be used to reduce some parasitic leakages. 
The guarding pattern in Figure 22 will reduce parasitic leakage 
due to finite board surface resistance; but it will not compensate 
for a low volume resistivity board. 
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Figure 22. Board Layout for Guarding Inputs 



INPUT PROTECTION 

The AD548 is guaranteed to withstand input voltages equal to 
the power supply potential. Exceeding the negative supply voltage 
on either input will forward bias the substrate junction of the 
chip. The induced current may destroy the amplifier due to 
excess heat. 

Input protection is required in applications such as a flame 
detector in a gas chromatograph, where a very high potential 
may be applied to the input terminals during a sensor fault 
condition. Figure 23 shows a simple current limiting scheme 
that can be used. Rprotect should be chosen such that the 
maximum overload current is 1.0mA (lOOkfl for a lOOV overload) 
for example). 

Exceeding the negative common-mode range on either input 
terminal causes a phase reversal at the output, forcing the amplifier 
output to the corresponding high or low state. Exceeding the 
negative common-mode on both inputs simultaneously forces 
the output high. Exceeding the positive common-mode range on 
a single input doesn*t cause a phase reversal, but if both inputs 
exceed the limit the output will be forced high. In all cases, 
normal amplifier operation is resumed when input voltages are 
brought back within the conunon-mode range. 



T 




M^ U^V- 



Vp 

JL 



Rp TYPICALLY lOOkli TO 1M11 
Vp 

Vp 



R = ^I— FOR 1 SECOND OR LESS TRANSIENTS 
imA 



Figure 23. Input Protection of IV Converter 



D/A CONVERTER OUTPUT BUFFER 

The circuit in Figure 24 shows the AD548 and AD7545 12-bit 
CMOS D/A converter in a unipolar binary configuration. Vqut 
will be equal to Vref attenuated by a factor depending on the 
digital word. Vref sets the full scale. Overall gain is trimmed 
by adjusting Rin- The AD548*s low input offset voltage, low 
drift and clean dynamics make it an attractive low power output 
buffer. 
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Application Hints 




DB11--DB0 



Figure 24. AD548 Used as DAC Output Amplifier 

The input offset voltage of the AD548 output amplifier results 
in an output error voltage. This error voltage equals the input 
offset voltage of the op amp times the noise gain of the amphfier. 
That is: 



Vos Output = Vos Input (l +|^) 



RpB is the feedback resistor for the op amp, which is internal to 
the DAC. Ro is the DAC's R-2R ladder output resistance. The 
value of Ro is code dependent. This has the effect of changing 
the offset error voltage at the ampUfier's output. An output 
amphfier with a sub millivolt input offset voltage is needed to 
preserve the linearity of the DAC's transfer function. 

The AD548 in this configuration provides a 700kHz small signal 
bandwidth and 1.8V/jjls typical slew rate. The 33pF capacitor 
across the feedback resistor optimizes the circuit's response. 
The oscilloscope photos in Figures 25 and 26 show small and 
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large signal outputs of the circuit in Figure 24. Upper traces 
show the input signal Vin- Lower traces are the resulting output 
voltage with the DAC's digital input set to all Is. The AD548 
settles to ±0.01% for a 20V input step in 14|jls. 

PHOTODIODE PREA2VIP 

The performance of the photodiode preamp shown in Figure 27 
is enhanced by the AD548's low input current, input voltage 
offset and offset voltage drift. The photodiode sources a current 
proportional to the incident light power on its surface. Rp converts 
the photodiode current to an output voltage equal to Rp x Is- 




= RfIs 



PHOTO DIODE 
EQUIVALENT CIRCUIT 



AD548 PHOTO DIODE 
PRE AMP 



Figure 27. 

An error budget illustrating the importance of low amphfier 
input current, voltage offset and offset voltage drift to minimize 
output voltage errors can be developed by considering the equi- 
valent circuit for the small (0.2mm^ area) photodiode shown in 
Figure 27. The input current results in an error proportional to 
the feedback resistance used. The amphfier 's offset will produce 
an error proportional to the preamp's noise gain (1 +Rf/Rsh)> 
where Rsh is the photodiode shunt resistance. The ampUfier's 
mput current will double with every lOX rise in temperature, 
and the photodiode's shunt resistance halves with every 10*'C 
rise. The error budget in Figure 28 assumes a room temperature 
photodiode Rsh of SOOMft, and the maximum input current 
and input offset voltage specs of an AD548C. 
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°C 


Rsh (MSI) 


VosllJiV) 


(1+Rf/Rsh)Vos 


Ib(pA) 


IbRf 


TOTAL 


-25 


15,970 


150 


15VV 


0.30 


30jJiV 


ISIjjiV 
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207^V 
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262^V 


469jiiV 


+ 25 
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Figure 28. Photo Diode Pre-Amp Errors Over Temperature 

The capacitance at the ampUfier's negative input (the sum of the 
photodiode's shunt capacitance, the op amp's differential input 
capacitance, stray capacitance due to wiring, etc.) will cause a 
rise in the preamp's noise gain over frequency. This can result 
in excess noise over the bandwidth of interest. Cp reduces the 
noise gain "peaking" at the expense of bandwidth. 



Figure 26. Response to 
Wave 



: lOOmV p-p Reference Square 
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INSTRUMENTATION AMPLIFIER 

The AD548C*s maximum input current of lOpA makes it an 
excellent building block for the high input impedance in- 
strumentation ampUfier shown in Figure 29. Total current drain 
for this circuit is under 600|xA. This configuration is optimal 
for conditioning differential voltages from high impedance 
sources. 




FOR EACH AMPLIFIER 

PIN7< -•— 



^ :^OVF 
i^—^ i O-Vs 



Figure 29. Low Power Instrumentation Amplifier 

The overall gain of the circuit is controlled by Rg, resulting in 
the following transfer function: 

VouT _ (Ri + R2) 

ViN ' "" Rg 

Gains of 1 to 100 can be accommodated with gain nonlinearities 
of less than 0.01%. Referred to input errors, which contribute 
an output error proportional to in amp gain, include a maximum 
untrimmed input offset voltage of 0.5mV and an input offset 
voltage drift over temperature of 4|xV/°C. Output errors, which 
are independent of gain, will contribute an additional 0.5mV 
offset and 4|xV/°C drift. The maximum input current is 15pA 
over the common-mode range, with a common-mode impedance 
of over 1 X lO^^ft. Resistor pairs R3/R5 and R4/R6 should be 
ratio matched to 0.01% to take full advantage of the AD548's 
high common mode rejection. Capacitors CI and CI' compensate 
for peaking in the gain over frequency caused by input capacitance 
when gains of 1 to 3 are used. 

The - 3dB small signal bandwidth for this low power in- 
strumentation amplifier is 700kHz for a gain of 1 and lOkHz for 
a gain of 100. The typical output slew rate is 1.8V/|xs. 

LOG RATIO AMPLIFIER 

Log ratio amplifiers are useful for a variety of signal conditioning 
applications, such as linearizing exponential transducer outputs 
and compressing analog signals having a wide dynamic range. 
The AD548's picoamp level input current and low input offset 
voltage make it a good choice for the front-end amplifier of the 
log ratio circuit shown in Figure 30. This circuit produces an 
output voltage equal to the log base 10 of the ratio of the input 
currents Ii and I2. Resistive inputs Rl and R2 are provided for 
voltage inputs. 

Input currents Ii and I2 set the collector currents of Ql and Q2, 
a matched pair of logging transistors. Voltages at points A and 



B are developed according to the following familiar diode 
equation: 

VBE = (kT/q)ln(Ic/lEs) 

In this equation, k is Boltzmann's constant, T is absolute tem- 
perature, q is an electron charge, and Ies is the reverse saturation 
current of the logging transistors. The difference of these two 
voltages is taken by the subtractor section and scaled by a factor 
of approximately 16 by resistors R9, RIO, and R8. Temperature 
compensation is provided by resistors R8 and R15, which have 
a positive 3500 ppni/°C temperature coefficient. The transfer 
function for the output voltage is: 

VouT=lVlogio(l2/Ii) 
Frequency compensation is provided byRll,R12,Cl, and C2. 
Small signal bandwidth is approximately 300kHz at input currents 
above 100|xA and will proportionally decrease with lower signal 
levels. Dl, D2, R13, and R14 compensate for the effects of the 
two logging transistors' ohmic emitter resistance. 

FOR EACH AMPLIFIER 
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' ALL OTHER RESISTORS ARE 1 % METAL FILM 



Figure 30. Log Ratio Amplifier 

To trim this circuit, set the two input currents to lOjxA and 
adjust VouT to zero by adjusting the potentiometer on A3. 
Then set I2 to IjjlA and adjust the scale factor such that the 
output voltage is IV by trimming potentiometer RlO. Offset 
adjustment for Al and A2 is provided to increase the accuracy 
of the voltage inputs. 

This circuit ensures a 1% log conformance error over an input 
current range of 300pA to 1mA, with low level accuracy limited 
by the AD548's input current. The low level input voltage 
accuracy of this circuit is limited by the input offset voltage and 
drift of the AD548. 
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ANALOG 
DEVICES 



Monolithic Electrometer 
Operational Amplifier 




FEATURES 

Ultralow Bias Current: 60fA max (AD549L) 
250fA max (AD549J) 
Input Bias Current Guaranteed Over Common-Mode 

Voltage Range 
Low Offset Voltage: 0.25mV max (AD549K) 
I.OOmV max (AD549J) 
Low Offset Drift: 5(jiVrC max (AD549K) 
20y^/rC max (AD549J) 
Low Power: 700^A max Supply Current 
Low Input Voltage Noise: 4p,V p-p 0.1 to 10Hz 
MIL-STD-883B Parts Available 

APPLICATIONS 

Electrometer Amplifiers 

Photodiode Preamp 

pH Electrode Buffer 

Vacuum Ion Gage Measurement 

PRODUCT DESCRIPTION 

The AD549 is a monolithic electrometer operational amplifier 
with very low input bias current. Input offset voltage and input 
offset voltage drift are laser trimmed for precision performance. 
The AD549's ultralow input current is achieved with "Topgate" 
JFET technology, a process development exclusive to Analog 
Devices. This technology allows the fabrication of extremely low 
input current JFETs compatible with a standard junction-isolated 
bipolar process. The 10 ^^H common-mode impedance, a result 
of the bootstrapped input stage, insures that the input current is 
essentially independent of common-mode voltage. 

The AD549 is suited for applications requiring very low input 
current and low input offset voltage. It excels as a preamp for a 
wide variety of current output transducers such as photodiodes, 
photomultipUer tubes, or oxygen sensors. The AD549 can also 
be used as a precision integrator or low droop sample and hold. 
The AD549 is pin compatible with standard FET and electrometer 
op amps, allowing designers to upgrade the performance of 
present systems at little additional cost. 

The AD549 is available in a TO-99 hermetic package. The case 
is connected to Pin 8 so that the metal case can be independently 
connected to a point at the same potential as the input terminals, 
minimizing stray leakage to the case. 



AD549 CONNECTION DIAGRAM 



GUARD PIN, CONNECTED TO CASE 



OFFSET NULL 



OFFSET NULL 




© — vpng) 



Vos TRIM 
TOP VIEW 

The AD549 is available in four performance grades. The J, K, 
and L versions are rated over the commercial temperature range 
- to + 70°C. The S grade is specified over the military temperature 
range of - 55°C to 4- 125°C and is available processed to MIL-STD- 
883B, Rev C. Extended reliability PLUS screening is also available. 
PLUS screening includes 168-hour burn in, as well as other 
environmental and physical tests derived from MIL-STD-883B, 
RevC. 

PRODUCT HIGHLIGHTS 

1. The AD549*s input currents are specified, 100% tested and 
guaranteed after the device is warmed up. Input current is 
guaranteed over the entire common-mode input voltage 
range. 

2. The AD549*s input offset voltage and drift are laser trimmed 
to 0.25mV and 5m,V/°C (AD549K), ImV and 20jjlV/°C 
(AD549J). 

3. A maximum quiescent supply current of 700|xA minimizes 
heating effects on input current and offset voltage. 

4. AC specifications include IMHz unity gain bandwidth and 
3V/(xs slew rate. Settling time for a lOV input step is 5|xs 
to 0.01%. 

5. The AD549 is an improved replacement for the ADS 15, 
OPA104, and 3528. 



♦Covered by Patent No. 4,639,683. 
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Model 


AD549J 
Min Typ Max 


AD549K 
Min Typ Max 


AD549L 
Min Typ Max 


AD549S 
Min Typ 


Max 


Units 


TEMPERATURE RANGE 

Operating, Rated Performance 
Storage 


70 
-65 +150 


70 
-65 +150 


70 
-65 +150 


-55 
-65 


+ 125 
-150 


°C 
°C 


PACKAGE OPTION'* 
TO-99(H-08A) 


AD549JH 


AD549KH 


AD549LH 


AD549SH 





NOTES 

'Bias current specifications are guaranteed after 5 minutes of operation at Ta= +25°C. Bias current increases by a 
factor of 2.3 for every 10°C rise m temperature. 

^Input offset voltage specifictions are guaranteed after 5 minutes of operation at T^ = + 25°C. 
^Defined as max continuous voltage between the mputs such that neither input exceeds ± lOV from ground. 
'^See Section 16 for package outline information. 
Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to 
calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface 
are tested on all production units. 



ABSOLUTE MAXIMUM RATINGS^ 

Supply Voltage ±18V 

Internal Power Dissipation SOOmW 

Input Voltage ± ISV^ 

Output Short Circuit Duration Indefinite 

Differential Input Voltage + Vs and - Vs 

Storage Temperature Range H -65°Cto +150°C 

Operating Temperature Range 

AD549J, K, L to +70°C 

AD549S -55°Cto +125°C 

Lead Temperature Range (Soldering 60 sec) 300°C 



ESD PRECAUTIONS 

Charges as high as 4000V readily accumulate on the human 
body and test equipment and discharge without detection. There- 
fore, reasonable ESD precautions are recommended to avoid 
functional damage or performance degradation. Unused devices 
should be stored in conductive foam or shunts, and the foam 
should be discharged to the destination socket before devices are 
removed. For further information on ESD precautions, refer to 
Analog Devices' ESD Prevention Manual. 



NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

^For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 
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Figure 1. Input Voltage Range 
vs. Supply Voltage 
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SUPPLY VOLTAGE ± V 



Figure 2. Output Voltage 
Swing vs. Supply Voltage 
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Figure 3. Output Voltage 
Swing vs. Resistive Load 



SUPPLY VOLTAGE ± V 



Figure 4. Quiescent Current 
vs. Supply Voltage 
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INPUT COMMON-MODE VOLTAGE - V 

Figure 5. CMRR vs. Input 
Common-Mode Voltage 
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Figure 6. Open Loop Gain vs. 
Supply Voltage 
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Figure 7. Open Loop Gain vs. 
Temperature 




WARM-UPTIME Minutes 

Figure 8. Change in Offset 
Voltage vs. Warm-Up Time 



COMMON-MODE VOLTAGE - V 

Figure 9. Input Bias Current 
vs. Common-Mode Voltage 
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Figure 10. Input Bias Current 
vs. Supply Voltage 
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Figure 1 1. Input Voltage Noise 
Spectral Density 
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Figure 12. Noise vs. Source 
Resistance 
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Figure 13. Open Loop 
Frequency Response 
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Figure 14. Large Signal 
Frequency Response 
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Figure 15. CMRR vs. 
Frequency 
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Figure 16. PSRR vs. 
Frequency 
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Figure 17. Output Settling 
Time vs. Output Swing and 
Error Voltage 
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Figure 18. Unity Gain 
Follower 




Figure 19. Unity Gain Follower 
Large Signal Pulse Response 




Figure 20. Unity Gain Follower 
Small Signal Pulse Response 
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Figure 21. Unity Gain Inverter 




Figure 22. Unity Gain Inverter 
Large Signal Pulse Response 




Figure 23. Unity Gain Inverter 
Small Signal Pulse Response 
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MINIMIZING INPUT CURRENT 

The AD549 has been optimized for low input current and offset 
voltage. Careful attention to how the amplifier is used will reduce 
input currents in actual applications. 

The amplifier operating temperature should be kept as low as 
possible to minimize input current. Like other JFET input 
amplifiers, the AD549's input current is sensitive to chip tem- 
perature, rising by a factor of 2.3 for every 10°C rise. This is 
illustrated in Figure 24, a plot of AD549 input current versus 
ambient temperature. 
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Figure 24. AD549 Input Bias Current vs. Ambient 
Temperature 

On-chip power dissipation will raise chip operating temperature 
causing an increase in input bias current. Due to the AD549's 
low quiescent supply current, chip temperature when the (un- 
loaded) ampUfier is operated with 15V supplies, is less than 
3°C higher than ambient. The difference in input current is 
negligible. 

However, heavy output loads can cause a significant increase in 
chip temperature and a corresponding increase in input current. 
Maintaining a minimum load resistance of lOkH is recommended. 
Input current versus additional power dissipation due to output 
drive current is plotted in Figure 25. 




Figure 26. Sources of Parasitic Leakage Currents 

Finite resistance from input lines to voltages on the board, 
modeled by resistor Rp, results in parasitic leakage. Insulation 
resistance of over lO^^O must be maintained between the ampli- 
fier's signal and supply lines in order to capitalize on the AD549's 
low input currents. Standard PC board material does not have 
high enough insulation resistance. Therefore, the AD549's input 
leads should be connected to standoffs made of insulating material 
with adequate volume resistivity (e.g.. Teflon*). The surface of 
the insulator's surface must be kept clean in order to preserve 
surface resistivity. For Teflon, an effective cleaning procedure 
consists of swabbing the surface with high-grade isopropyl alcohol, 
rinsing with deionized water, and baking the board at 80°C for 
10 minutes. 

In addition to high volume and surface resistivity, other properties 
are desirable in the insulating material chosen. Resistance to 
water absorption is important since surface water films drastically 
reduce surface resistivity. The insulator chosen should also 
exhibit minimal piezoelectric effects (charge emission due to 
mechanical stress) and triboelectric effects (charge generated by 
friction). Charge imbalances generated by these mechanisms can 
appear as parasitic leakage currents. These effects are modeled 
by variable capacitor Cp in Figure 26. The table in Figure 27 
lists various insulators and their properties.^ 
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Figure 25. AD549 Input Bias Current vs. Additional Power 
Dissipation 



Figure 27. Insulating Materials and Characteristics 



CIRCUIT BOARD NOTES 

There are a number of physical phenomena that generate spurious 
currents that degrade the accuracy of low current measurements. 
Figure 26 is a schematic of an I-to-V converter with these parasitic 
currents modeled. 



'Electrometer Measurements, pp. 15-17, Keithley Instruments, Inc., 

Cleveland, Ohio, 1977. 

*Teflon is a registered trademark of E.I. du Pont Co. 
**Kel-F is a registered, trademark of 3-M Company. 
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Guarding the input lines by completely surrounding them with 
a metal conductor biased near the input lines' potential has two 
major benefits. First, parasitic leakage from the signal line is 
reduced since the voltage between the input line and the guard 
is very low. Second, stray capacitance at the input node is 
minimized. Input capacitance can substantially degrade signal 
bandwidth and the stabiUty of the I-to-V converter. The case of 
the AD549 is connected to Pin 8 so that it can be bootstrapped 
near the input potential. This minimizes pin leakage and input 
conunon-mode capacitance due to the case. Guard schemes for 
inverting and noninverting amplifier topologies are illustrated in 
Figures 28 and 29. 




Figure 28. Inverting Amplifier with Guard 




Figure 29. Noninverting Amplifier with Guard 

Other guidelines include keeping the circuit layout as compact 
as possible and input lines short. Keeping the assembly rigid 
and minimizing sources of vibration will reduce triboelectric and 
piezoelectric effects. All precision high impedance circuitry 
requires shielding against interference noise. Low noise coax or 
triax cables should be used for remote connections to the input 
signal lines. 
OFFSET NULLING 

The AD549's input offset voltage can be nulled by using balance 
Pins 1 and 5, as shown in Figure 30. Nulling the input offset 
voltage in this fashion will introduce an added input offset voltage 
drift component of 2.4jiV/°C per millivolt of nulled offset (a 
maximum additional drift of 0.6tJLV/°C for the AD549K, 1.2|jlV/X 
for the AD549L, 2.4m-V/°C for the AD549J). 




Figure 30. Standard Offset Null Circuit 

The approach in Figure 31 can be used when the amplifier is 
used as an inverter. This method introduces a small voltage 



referenced to the power supplies in series with the amplifier's 
positive input terminal. The amplifier's input offset voltage drift 
with temperature is not affected. However, variation of the 
power supply voltages will cause offset shifts. 




Figure 31. Alternate Offset Null Circuit for Inverter 

AC RESPONSE WITH HIGH VALUE SOURCE AND 
FEEDBACK RESISTANCE 

Source and feedback resistances greater than lOOkH will magnify 
the effect of input capacitances (stray and inherent to the AD549) 
on the ac behavior of the circuit. The effects of common mode 
and differential input capacitances should be taken into account 
since the circuit's bandwidth and stability can be adversely 
affected. 

In a follower, the source resistance and input common-mode 
capacitance form a pole that limits the bandwidth to 1/2tt RsCs. 
Bootstrapping the metal case by connecting Pin 8 to the output 
minimizes capacitance due to the package. Figures 32 and 33 
show the follower pulse response from a IMH source resistance 
with and without the package connected to the output. Typical 
common-mode input capacitance for the AD549 is 0.8pF. 
In an inverting configuration, the differential input capacitance 
forms a pole in the circuit's loop transmission. This can create 
peaking in the ac response and possible instability. A feedback 
capacitance can be used to stabilize the circuit. The inverter 
pulse response with Rp and Rs equal to IMO appears in Figure 
34. Figure 35 shows the response of the same circuit with a IpF 
feedback capacitance. Typical differential input capacitance for 
the AD549 is IpF. 




Figure 32. Follower Pulse Response from 1 Mil Source 
Resistance, Case Not Bootstrapped 



Figure 33. Follower Pulse Response from 1 MO Source 
Resistance, Case Bootstrapped 



OPERATIONAL AMPLIFIERS 2-69 




Figure 34. Inverter Pulse Response with 1 MO Source and 
Feedback Resistance 




INPUT PROTECTION 

The AD549 safely handles any input voltage withm the supply 
voltage range. Subjecting the input terminals to voltages beyond 
the power supply can destroy the device or cause shifts in input 
current or offset voltage if the amphfier is not protected. 

A protection scheme for the amphfier as an inverter is shown in 
Figure 37. Rp is chosen to limit the current through the inverting 
input to 1mA for expected transient (less than 1 second) overvoltage 
conditions, or to 100|xA for a continuous overload. Since Rp is 
inside the feedback loop, and is much lower in value than the 
amphfier's input resistance, it does not affect the inverter*s DC 
gain. However, the Johnson noise of the resistor will add root 
sum of squares to the amphfier's input noise. 




Figure 35. Inverter Pulse Response with 1 MO Source and 
Feedback Resistance, IpF Feedback Capacitance 



Figure 37. Inverter with Input Current Limit 



COMMON-MODE INPUT VOLTAGE OVERLOAD 

The rated common-mode input voltage range of the AD549 is 
from 3V less than the positive supply voltage to 5V greater than 
the negative supply voltage. Exceeding this range will degrade 
the amphfier's CMRR. Driving the common-mode voltage above 
the positive supply will cause the amphfier's output to saturate 
at the upper limit of output voltage. Recovery time is typically 
2fis after the input has been returned to within the normal 
operating range. Driving the input common-mode voltage within 
IV of the negative supply causes phase reversal of the output 
signal. In this case, normal operation is typically resumed within 
0.5|xs of the input voltage returning within range. 

DIFFERENTIAL INPUT VOLTAGE OVERLOAD 

A plot of the AD549's input currents versus differential input 
voltage (defined as Vin+ - Vjn-) appears in Figure 36. The 
input current at either terminal stays below a few hundred 
femtoamps until one input terminal is forced higher than 1 to 
1.5V above the other terminal. Under these conditions, the 
input current limits at 30jjlA. 
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In the corresponding version of this scheme for a follower, 
shown in Figure 38, Rp and the capacitance at the positive 
input terminal will produce a pole in the signal frequency response 
at a f = 1/2'irRC. Again, the Johnson noise Rp will add to the 
amphfier's input voltage noise. 




Figure 38. Follower with Input Current Limit 



Figure 39 is a schematic of the AD549 as an inverter with an 
input voltage clamp. Bootstrapping the damp diodes at the 
inverting input minimizes the voltage across the clamps and 
keeps the leakage due to the diodes low. Low leakage diodes, 
such as the FD333's should be used, and should be shielded 
from hght to keep photocurrents from being generated. Even 
with these precautions, the diodes will measurably increase the 
input current and capacitance. 



T 



CO: 



PROTECT DIODES 




Figure 36. Input Current vs. Differential Input Voltage 



Figure 39. Input Voltage Clamp with Diodes 
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SAMPLE AND DIFFERENCE CIRCUIT TO MEASURE 
ELECTROMETER LEAKAGE CURRENTS 

There are a number of methods used to test electrometer leakage 
currents, including current integration and direct current to 
voltage conversion. Regardless of the method used, board and 
interconnect cleanliness, proper choice of insulating materials 
(such as Teflon or Kel-F), correct guarding and shielding tech- 
niques and care in physical layout are essential to making accurate 
leakage measurements. 

Figure 40 is a schematic of the sample and difference circuit. It 
uses two AD549 electrometer ampUfiers (A and B) as current to 
voltage converters with high value (lO^^H) sense resistors (RSa 
and RSb). Rl and R2 provide for an overall circuit sensitivity of 
lOfA/mV (lOpA full scale). Cc and Cp provide noise suppression 
and loop compensation. Cc should be a low-leakage polystyrene 
capacitor. An ultralow-leakage Kel-F test socket is used for 
contacting the device xmder test. Rigid Teflon coaxial cable is 
used to make connections to all high impedance nodes. The use 
of rigid coax affords immunity to error induced by mechanical 
vibration and provides an outer conductor for shielding. The 
entire circuit is enclosed in a grounded metal box. 



Verri = 10(VosA - leAxRSa) 
Verr2 = 10(VosB - iBBxRSb) 

Once measured, these errors are subtracted from the readings 
taken with a device under test present. Amplifier B closes the 
feedback loop to the device under test, in addition to providing 
current to voltage conversion. The offset error of the device 
under test appears as a common-mode signal and does not affect 
the test measurement. As a result, only the leakage current of 
the device under test is measured. 

Va- Verri = 10[RSa X Ib( + )] 

Vx- Verr2 = 10[RSbxlB(-)] 
Although a series of devices can be tested after only one cahbration 
measurement, calibration should be updated periodically to 
compensate for any thermal drift of the current to voltage con- 
verters or changes in the ambient environment. Laboratory 
results have shown that repeatable measurements within lOfA 
can be realized when this apparatus is properly implemented. 
These results are achieved in part by the design of the circuit, 
which eliminates relays and other parasitic leakage paths in the 
high impedance signal lines, and in part by the inherent cancellation 
of errors through the calibration and measurement procedure. 




Figure 40. Sample and Difference Circuit for Measuring 
Electrometer Leakage Currents 

The test apparatus is calibrated without a device under test 
present. A five minute stabilization period after the power is 
turned on is required. First, Verri and Verr2 are measured. 
These voltages are the errors caused by offset voltages and leakage 
currents of the current to voltage converters. 



PHOTODIODE INTERFACE 

The AD549's low input current and low input offset voltage 
make it an excellent choice for very sensitive photodiode preamps 
(Figure 41). The photodiode develops a signal current. Is equal 
to: 

Is = R X P 

where P is light power incident on the diode's surface in Watts 
and R is the photodiode responsivity in Amps/Watt. Rp converts 
the signal current to an output voltage: 

VouT = Rp ^ Is 




I 



Figure 41. Photodiode Preamp 



DC error sources and an equivalent circuit for a small area 
(0.2mm square) photodiode are indicated in Figure 42. 

Input current, Ib, will contribute an output voltage error, Vei, 
proportional to the feedback resistance: 

Vei = Ib >^ Rf 
The op amp's input voltage offset will cause an error current 
through the photodiode's shunt resistance, Rs: 

I = Vos/Rs 
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Figure 42. Photodiode Preamp DC Error Sources 

The error current will result in an error voltage (Ve2) at the 
amplifier's output equal to: 

Ve2 = (1 + Rf/Rs)Vos 
Given typical values of photodiode shunt resistance (on the 
order of lO^H), Rp/Rs can easily be greater than one, especially 
if a large feedback resistance is used. Also, Rp/Rs will increase 
with temperature, as photodiode shunt resistance typically drops 
by a factor of two for every 10°C rise in temperature. An op 
amp with low offset voltage and low drift must be used in order 
to maintain accuracy. The AD549K offers guaranteed maximum 
0.25mV offset voltage, and 5|jlV/*'C drift for very sensitive 
applications. 

Photodiode Preamp Noise 

Noise limits the signal resolution obtainable with the preamp. 
The output voltage noise divided by the feedback resistance is 
the minimum current signal that can be detected. This minimum 
detectable current divided by the responsivity of the photodiode 
represents the lowest Ught power that can be detected by the 
preamp. 

Noise sources associated with the photodiode, amplifier, and 
feedback resistance are shown in Figure 43; Figure 44 is the 
spectral density versus frequency plot of each of the noise source's 
contribution to the output voltage noise (circuit parameters in 
Figure 42 are assumed). Each noise source's rms contribution to 
the total output voltage noise is obtained by integrating the 
square of its spectral density function over frequency. The rms 
value of the output voltage noise is the square root of the sum 
of all contributions. Minimizing the total area under these curves 
will optimize the preamplifier's resolution for a given 
bandwidth. 
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Figure 43. Ptiotodiode Preamp Noise Sources 



Figure 44. Ptiotodiode Preamp Noise Sources' Spectral 
Density vs. Frequency 

The photodiode preamp in Figure 41 can detect a signal current 
of 26fA rms at a bandwidth of 16Hz, which assuming a photodiode 
responsivity of 0.5A/W, translates to a 52fW rms minimum 
detectable power. The photodiode used has a high source resistance 
and low junction capacitance. Cp sets the signal bandwidth with 
Rp and also limits the "peak" in the noise gain that multiplies 
the op amp's input voltage noise contribution. A single pole 
filter at the amplifier's output limits the op amp's output voltage 
noise bandwidth to 26Hz, a frequency comparable to the signal 
bandwidth. This greatly improves the preamplifier's signal to 
noise ratio (in this case, by a factor of three). 

Log Ratio Amplifier 

Logarithmic ratio circuits are useful for processing signals with 
wide dynamic range. The AD549L's 60fA maximimi input 
current makes it possible to build a log ratio ampUfier with 1% 
log conformance for input current ranging from lOpA to 1mA, a 
dynamic range of 160dB. The useful resolution of the log ampHfier 
extends down to lOOfA, for a total dynamic range of 10 decades 
or 200dB. 

The log ratio amplifier in Figure 45 provides an output voltage 
proportional to the log base 10 of the ratio of the input currents 
II and 12. Resistors Rl and R2 are provided for voltage inputs. 
Since NPN devices are used in the feedback loop of the front-end 
amplifiers that provide the log transfer function, the output is 
valid only for positive input voltages and input currents. The 
input currents set the collector currents ICl and IC2 of a matched 
pair of log transistors Ql and Q2 to develop voltages VA and 
VB: 

VA, B = - (kT/q) In IC/IES 

where IBS is the transistors' saturation current. 

The difference of VA and VB is taken by the subtractor section 
to obtain: 

VC = (kT/q) In (IC2/IC1) 

VC is scaled up by the ratio of (R9 + R10)/R8, which is equal 
to approximately 16 at room temperature, resulting in the output 
voltage: 

VouT = lxlog(IC2/ICl)V. 

R8 is a resistor with a positive SSOOppm/^C temperature coefficient 
to provide the necessary temperature compensation. The parallel 
combination of R15 and R7 is provided to keep the subtractor 
section's gain for positive and negative inputs matched over 
temperature. 
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Frequency compensation is provided by Rll, R12, and CI and 
C2. The bandwidth of the circuit is 300kHz at input signals 
greater than 50^. A, and decreases smoothly with decreasing 
signal levels. 

To trim the circuit, set the input currents to lOjiA and trim 
A3*s offset using the amphfier's trim potentiometer so the output 
equals 0. Then set II to IjjlA and adjust the output to equal IV 
by trimming RIO. Additional offset trims on the amplifiers Al 
and A2 can be used to increase the voltage input accuracy and 
dynamic range. 

The very low input current of the AD549 makes this circuit 
useful over a very wide range of signal currents. The total input 
current (which determines the low-level accuracy of the circuit) 
is the sum of the amphfier input current, the leakage across the 
compensating capacitor (negligible if polystyrene or Teflon 
capacitor is used), and the collector to collector, and collector to 
base leakages of one side of the dual log transistors. The magnitude 
of these last two leakages depend on the amplifier's input offset 
voltage and are typically less than lOfA with ImV offsets. The 
low-level accuracy is limited primarily by the amplifier's input 
current, only 60fA maximum when the AD549L is used. 

The effects of the emitter resistance of Ql and Q2 can degrade 
the circuit's accuracy at input currents above 100(jlA. The networks 
composed of R13, Dl, R16, and R14, D2, R17 compensate for 
these errors, so that this circuit has less than 1% log conformance 
error at 1mA input currents. The correct value for R13 and R14 
depends on the type of log transistors used. 49.9kn resistors 
were chosen for use with LM394 transistors. Smaller resistance 
values will be needed for smaller log transistors. 
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TEMPERATURE COMPENSATED pH PROBE 
AMPLIFIER 

A pH probe can be modeled as a mV-level voltage source with a 
series source resistance dependent upon the electrode's composi- 
tion and configuration. The glass bulb resistance of a typical pH 
electrode pair falls between 10^ and lO^H. It is therefore important 
to select an amplifier with low enough input currents such that 
the voltage drop produced by the amphfier's input bias current 
and the electrode resistance does not become an appreciable 
percentage of a pH imit. 

The circuit in Figure 46 illustrates the use of the AD549 as a 
pH probe amphfier. As with other electrometer applications, the 
use of guarding, shielding, Teflon standoffs, etc., is a must in 
order to capitalize on the AD549's low input current. If an 
AD549L (60fA max input current) is used, the error contributed 
by input current will be held below 60fjLV for pH electrode 
source impedances up to lO^H. Input offset voltage (which can 
be trimmed) will be below 0.5mV. 
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Figure 46. Temperature Compensated pH Probe Amplifier 

The pH probe output is ideally zero volts at a pH of 7 independent 
of temperature. The slope of the probe's transfer function, 
though predictable, is temperature dependent (-54.2mV/pH at 
and - 74.04mV/pH at lOO^'C). By using an AD590 temperature 
sensor and an AD535 analog divider, an accurate temperature 
compensation network can be added to the basic pH probe 
amphfier. The table in Figure 47 shows voltages at various 
points and illustrates the compensation. The AD549 is set for a 
noninverting gain of 13.51. The output of the AD590 circuitry 
(point C) will be equal to lOV at lOOX and decrease by 26.8mV/ 
°C. The output of the AD535 analog divider (point D) will be a 
temperature compensated output voltage centered at zero volts 
for a pH of 7, and having a transfer function of - l.OOV/pH 
unit. The output range spans from - 7.00V (pH = 14) to + 7.00V 
(pH = 0). 



D1,D41N41 48 DIODES 

R8,R151k + 3500 ppmrCTC RESISTOR 
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• ALL OTHER RESISTORS ARE 1 % METAL FILM 



PROBE 


A 


B 


C 


D 


TEMP 


(PROBE OUTPUT) 


(Ax 13.51) 


(590 OUTPUT) 


(10B/C) 





54.20mV 


0.732V 


7.32V 


1.00V 


25°C 


59.16mV 


0.799V 


7.99V 


1.00V 


37°C 


61. 54m V 


0.831V 


8.31V 


1.00V 


60X 


66.1 OmV 


0.893V 


8.93V 


1.00V 


lOOX 


74.04mV 


1.000V 


10.00V 


1.00V 



Figure 45. Log Ratio Amplifier 



Figure 47. Table Illustrating Temperature Compensation 
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ANALX)G 
DEVICES 



Precision Low-Cost 
Dual BiFET Op Amp 




FEATURES 

Matched Offset Voltage 

Matched Offset Voltage Over Temperature 

Matched Bias Current 

Crosstalk-124dBat1kHz 

Low Bias Current: 35pA max Warmed Up 

Low Offset Voltage: 500/iV max 

Low Input Voltage Noise: 2jLtV p-p 

High Open Loop Gain 

Low Quiescent Current: 2.8mA max 

Low Total Harmonic Distortion 

Standard Dual Amplifier Pin Out 



AD642 PIN CONFIGURATION 



AMPLIFIER NO. 1 AMPLIFIER NO. 2 


J--(8)-4^^^ 


OUTPUT xp^ V+ ^"Y^ OUTPUT 


INVERTING/^ 1^^ 
INPUT \Lf \J 




^1 rS INVERTING 

ki 7 '^^"^ 


NONINVERTING®, (©NONINVERTING 
INPUT ^^^v^ x^ ^^^'^ INPUT 


V- 


PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 



PRODUCT DESCRIPTION 

The AD642 is a pair of matched high-speed monoHthic Bi- 
FET operational amplifier fabricated with the most advanced 
bipolar, JFET and laser trimming technologies. The AD642 
offers matched bias currents that are significantly lower than 
currently available monolithic dual PET input operational 
amplifiers: 35pA max matched to 25pA for the AD642K 
and L; 75pA max, matched to 35pA for the AD642J and S. 
In addition, the offset voltage is laser trimmed to less than 
0.5mV and matched to 0.25mV for the AD642L, l.OmV and 
matched to 0.5mV for the AD642K, utilizing Analog's laser- 
wafer trimming (LWT) process. 

The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted JFETs 
and laser-wafer trimming. Ion-implantation permits the fab- 
rication of precision, matched JFETs on a monolithic bipolar 
chip. This optimizes the process to product matched bias 
currents which have lower initial bias currents than other 
popular BiFET op amps. Laser-wafer trimming each am- 
plifier's input offset voltage assures tight initial match and 
combined with superior IC processing guarantees offset volt- 
age tracking over the temperature range. 

The AD642 is recommended for applications in which excel- 
lent ac and dc performance is required. The matched ampli- 
fiers provide a low-cost solution for true instrumentation 
amplifiers, log ratio amplifiers, and output amplifiers for four 
quadrant multiplying D/A converters such as the AD7541. 



The AD642 is available in three versions: the "J", **K" and 
"L", all specified over the to +70 C temperature range and 
one version, "S", over the -55 C to +125 C extented oper- 
ating temperature range. All devices are packaged in the 
hermetically -sealed, TO-99 metal can. 

PRODUCT HIGHLIGHTS 

1. The AD642 has tight matching specifications to ensure 
high performance, eliminating the need to match indi- 
vidual devices. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
AD642 will meet its published specifications in actual use. 

3. Laser-wafer-trimming reduces offset voltage to as low as 
0.5mV max and matched side to side to 0.25mV (AD642L), 
thus eliminating the need for external nulling. 

4. Low voltage noise (2jLtV, p-p), and high open loop gain 
enhance the AD642's performance as a precision op amp. 

5. The standard dual amplifier pin out allows the AD642 to 
replace lower performance duals without redesign. 

6. The AD642 is available in chip form. 
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AD642J 




AD642K 






AD642L 






AD642S 






Model 


Min Typ 


Max 


Min Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


OPEN LOOP GAIN 
























Vo= ±10V,RL>2kft 


100,000 




250,000 




250,000 






250,000 






V/V 


Tm.ntoT„,ax,Ri. = 2kn 


100,000 




250,000 




250,000 






100,000 






v/v 


OUTPUT CHARACTERISTICS 
























Voltage C" Ri. = 2kll, Tm.„ to T„^ 


±10 ±12 




±10 ±12 




±10 


±12 




±10 


±12 




V 


Voltage (a Ri. = lOkfl, T^n to T^ax 


±12 ±13 




±12 ±13 




±12 


±13 




±12 


±13 




V 


Short Circuit Current 


25 




25 






25 






25 




mA 


FREQUENCY RESPONSE 
























Unity Gain Small Signal 


1 




1 






1 






10 




MHz 


Full Power Response 


50 




50 






50 






50 




kHz 


Slew Rate, Unity Gain 


2.0 3.0 




2.0 3 




2.0 


30 




2.0 


3.0 




V/^s 


INPUT OFFSET VOLTAGE' 
























Initial Offset 




2.0 




1.0 






0.5 






1.0 


mV 


Input Offset Voltage T^.n to T^ax 




35 




2.0 






1.0 






3.5 


mV 


Input Offset Voltage vs Supply, 
























Tn,.nt0T^ax 




200 




100 






100 






100 


iiV/V 


INPUT BIAS CURRENT^ 
























Either Input 


10 


75 


10 


35 




10 


35 




10 


35 


pA 


Offset Current 


5 




2 






2 






2 




pA 


MATCHING CHARACTERISTICS^ 
























Input Offset Voltage 




1.0 




0.5 






0.25 






0.5 


mV 


Input Offset Voltage T^m to T^ax 




35 




2.0 






1.0 






3.5 


mV 


Input Bias Current 




35 




25 






25 






35 


pA 


Crosstalk 


-124 




-124 






-124 






-124 




dB 


INPUT IMPEDANCE 
























Differential 


10'i6 




10'^||6 






10'^||6 






10'2||6 




MfillpF 


Common Mode 


10'^||6 




10'^||6 






10'2||6 






lo'^ile 




MnllpF 


INPUT VOLTAGE RANGE 
























Differential'* 


±20 




±20 






±20 






±20 




V 


Common Mode 


±10 ±12 




±10 ±12 




±10 


±12 




±10 


±12 




V 


Common Mode Rejection 


76 




80 




80 






80 






dB 


INPUT NOISE 
























Voltage IHztolOHz 


2 




2 






2 






2 




>iVp-p 


f = lOHz 


70 




70 






70 






70 




nV/VHz 


f = lOOHz 


45 




45 






45 






45 




nV/\'Hz 


f = IkHz 


30 




30 






30 






30 




nV/\'Hz 


f = lOkHz 


25 




25 






25 






25 




nV/\Hz 


POWER SUPPLY 
























Rated Performance 


±15 




±15 






±15 






±15 




V 


Operating 


±5 


±18 


±5 


±15 


±5 




±15 


±5 




±15 


V 


Quiescent Current 




2.8 




2.8 






2.8 






2.8 


mA 


TEMPERATURE RANGE 
























Operating, Rated Performance 





( 70 





t 70 







4 70 


-55 




+ 125 


°C 


Storage 


65 


4 150 


65 


+ 150 


65 




+ 150 


-65 




+ 150 


°C 


PACKAGE OPTION^ 
























TO-99 Style (H-08B) 


AD642JH 




AD642KH 






AD642LH 






AD642SH 







NOTES 

'Input Offset Voltage specifications are guaranteed after 5 minutes 

of operation at Ta = + 25°C 
^Bias Current specifications are guaranteed at maximum at either 

input after 5 minutes of operation at T^ + 25°C For 

higher temperatures, the current doubles every 10"C 
'Matching is defined as the difference between parameters of 

the two amplifiers 



Defined as the maximum safe voltage between inputs, such that 
neither exceeds + lOV from ground 
''See Section 16 for package outline information 

Specifications subject to change without notice 

Specifications shown in boldface are tested on all production units at final 
electrical test Results from those tests are used to calculate outgoing quality 
levels All mm and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 



METALIZATION PHOTOGRAPH 

Dimensions shown in inches and (mm) 
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Typical Characteristics 
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figure 1. Input Voltage Range vs. 
Supply Voltage 
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Figure 4. Quiescent Current vs. 
Supply Voltage 
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Figure 10. Open Loop Frequency 
Response 
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Figure 2. Output Voltage Swing vs. 
Supply Voltage 
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Figure 5. Input Bias Current vs. 
Supply Voltage 
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Figure 8. Input Offset Voltage Turn 
On Drift vs. Time 
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Figure 11. Open Loop Voltage 
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Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 6. Input Bias Current vs. 
Temperature 
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Figure 9. Open Loop Gain vs. 
Temperature 
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Figure 12. Power Supply Rejection 
vs. Frequency 
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Figure 13. Common Mode Rejection 
vs. Frequency 
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Figure 14. Large Signal Frequency 
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Figure 16. Total Harmonic Distortion 
vs. Frequency 



Figure 17. Input Noise Voltage 
Spectral Density 
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Figure 19. T.H.D. 
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Test Circuits 
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Figure 21a. Unity Gain Follower 
Pulse Response (Large Signal) 



Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 
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Figure 22a. Unity Gain Inverter 
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Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 
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Figure 15. Output Settling Time vs. 
Output Swing and Error (Circuit of 
Figure 23) 
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Figure 20. Crosstalk Test Circuit 
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Figure 21c. Unity Gain Follower 




Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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F/flr4/re 23. Settling Time Test Circuit 

Fast settling time (8/jts to 0.01% for 20V p-p step), low power 
and low offset voltage make the AD642 an excellent choice 
for use as an output amplifier for current output D/A con- 
verters such as the AD7541. 



VerrOR imv/div 



INPUT 10V/DIV 




Figure 24. Settiing Characteristic Detail 

The upper trace of the oscilloscope photograph of Figure 24 
shows the settling characteristic of the AD642. The lower 
trace represents the input to Figure 23. The AD642 has been 
designed for fast settling to 0.01%, however, feedback com- 
ppnents, circuit layout and circuit design must be carefully 
considered to obtain optimum settling time. 
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Rl . R2 = 1% METAL FILM RESISTOR NEED OR EQUIVALENT >. 

Ci , 02 = POLYPROP OR POLYCARB 10% 50V 

R3, R4 = 5% CARBON 1/4W, 1% METAL FILM PREFERRED 

C3, C4 = LOW LKG, POLYPROPELENE, OR POLYCARB, IjiF, 5%, 50V MIN 

Figure 25. 0. IIHzto WHz 2nd Order Bandpass Filter, 
Maximally Flat 

The low frequency (1/f) noise has a power spectrum that is 
inversely proportional to frequency. Typically this noise is 
not important above lOHz, but it can be important for low 
frequency-high gain applications. 

The low noise characteristics of the AD642 make it ideal for 
1/f noise testing circuits. The circuit of Figure 25 is a O.lHz 
to lOHz bandpass filter with second order filter characteristics. 

The circuit illustrated in Figure 26 uses two AD642s to con- 
struct an instrumentation amplifier with low input current 
(35pA max), high linearity and low offset voltage and offset 
voltage drift. The AD644 may be substituted for increased 
speed, but the higher open-loop gain of the AD642 maintains 
better linearity over the gain range of 1 to 1000. Amplifier Al 
is an AD642L for low input offset voltage (250jLiV max) and 
low input offset voltage drift at high gains because matching 
and tracking are very important for the balanced input stage. 
Amplifier A2 serves two nonrelated functions, output ampli- 
fier and active data-guard drive, and does not require close 
matching between sections; thus it may be an AD642J. 
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NOTES 

Rs AND Rg ARE t1%, ±10ppm/°C 

R3 AND R4 ARE ±1%, ±SOppm/°C 

RS, R6. R7, R8 ARE A MATCHED NETWORK, 

±0 01%, ±2ppm/°C TRACKING TC 



Figure 26. Precision FET Input Instrumentation Amplifier 

The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise of the amplifier circuit. This 
effect will cause a nonlinearity whose magnitude is dependent 
on the offset voltage of the ampHfier. The AD642K with trim- 
med offset will minimize the effect. The Schottky protection 
diodes recommended for use with many older CMOS DACs 
are not required when using the AD642. 
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NOTES 

1 R3/R4 MATCH 05% OR BETTER 

2 Rl, R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 



Figure 27a. AD642 Used as DAC Output Amplifier 

Figure 27a illustrates the AD7541 12-bit digital-to-analog 
converter, connected for bipolar operation. Since the digital 
input can accept bipolar numbers and Vref can accept a bi- 
polar analog input, the circuit can perform a 4-quadrant 
multipUcation. 

10V 5V 5ms 



Vref in, 20V P-P, 33kHz 
10V/DIV VERT, 
5*is/DIVH0RIZ 



5V/DIV VERT 
5ns/DIV HORIZ 



SETTLING TIME lOpsTO 
01% ON 20y STEP 




Figure 27b. Voltage Output DAC Settling Characteristic 

The photo above shows the output of the circuit of Figure 
27a. The upper trace represents the reference input, and the 
bottom trace shows the output voltage for a digital input of 
all ones on the DAC. The 47pF capacitor across the feedback 
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resistor compensates for the DAC output capacitance, and the 
150pF load capacitor serves to minimize output glitches. 

Log amplifiers or log ratio amplifiers are useful in applications 
requiring compression of wide-range analog input data, linear- 
ization of transducers having exponential outputs, and analog 
computing, ranging from simple translation of natural rela- 
tionships in log form (e.g., computing absorbance as the log- 
ratio of input currents), to the use of logarithms in facilitating 
analog computation of terms involving arbitrary exponents 
and multi-term products and ratios. 

The picoamp level input current and low offset voltage of the 
AD642 make it suitable for wide dynamic range log ampli- 
fiers. Figure 28 is a schematic of a log ratio circuit employing 
the AD642 that can achieve less than 1% conformance error 
over 5 decades of current input, InA to 100/iA. For voltage 
inputs, the dynamic range is typically 50mV to lOV for 1% 
error, limited on the low end by the amplifiers* input offset 
voltage. 





VouT = - IV LOGio I1/I2 
OR -IV LOG10 Vi /V 2 



RTC TEL LABS 
+3500ppm Q81 



FOR POSITIVE INPUTS, Q1 = PNP, AND Va =-15V 



Figure 28. Log- Ratio Amplifier 
The conversion between current (or voltage) input and log 
output is accomplished by the base emitter junctions of the 
dual transistor Ql. Assuming Ql has j3>100, which is the case 
for the specified transistor, the base-emitter voltage on side 1 
is to a close approximation : 

VBEA = kT/qlnIi/Isi 

This circuit is arranged to take the difference of the Vgg's of 
QIA and QIB, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 



VqUT = -K (Vbe a - Vbe b) 
VoUT = -KkT/qlnIi/l2 



KkT„ , ,, 
= -— (Inlj/Isi- 



In I2/IS2) 



The scaling constant, K is set by Rl and Rjc to about 16, 
to produce IV change in output voltage per decade difference 
in input signals. Rjc is a special resistor with a +3500ppm/ C 
temperature coefficient, which makes K inversely proportional 
to temperature, compensating for the "T" in kT/q. The log- 
ratio transfer characteristic is therefore independent of tem- 
perature. 

This particular log ratio circuit is free from the dynamic prob- 
lems that plague many other log circuits. The -3dB bandwidth 
is 50kHz over the top 3 decades, lOOnA to lOOjuA, and de- 
creases smoothly at lower input levels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photodiodes, that may have 
lOOpF of shunt capacitance. For larger input capacitances a 
20pF integration capacitor around each amplifier will provide 
a smoother frequency response. 
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This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply VI = 
V2 = -lO.OOV and adjust "Balance" for Vqut = O.OOV. Next 
apply VI = -lO.OOV, V2 = -l.OOV and adjust gain for Vqut = 
+1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. 

The low input bias current (35pA) and low noise character- 
istics of the AD642 make it suitable for electrometer appli- 
cations such as photo diode preamplifiers and picoampere 
current-to-voltage converters. The use of guarding techniques 
in printed circuit board layout and construction is critical 
for achieving the ultimate in low leakage performance that 
the AD642 can deliver. The input guarding scheme shown in 
Figure 29 will minimize leakage as much as possible; the 
guard ring should be applied to both sides of the board. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should 
not be extended for any unnecessary length on a printed 
circuit; to minimize noise and leakage, they must be carried 
in rigid shielded cables. 




Figure 29. Board Layout for Guarding Inputs 

INPUT PROTECTION 

The AD642 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows differential input voltages of up to ±0.5 volts while 
maintaining the full differential input resistance of lO^^^^ 
This makes the AD642 suitable for low speed voltage com- 
parators directly connected to a high impedance source. 

Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level cur- 
rents from high-voltage sources. In such applications, a sensor 
fault condition may apply a very high potential to the input 
of the current-to-voltage converting amplifier. This possibility 
necessitates some form of input protection. Many electro- 
meter type devices, especially CMOS designs, can require 
elaborate zener protection schemes which often compromise 
overall performance. The AD642 requires input protection 
only if the source is not current-limited, and as such is similar 
to many JFET-input designs. The failure mode would be over- 
heating from excess current rather than voltage breakdown. 
If the source is not current-limited, all that is required is a 
resistor in series with the affected input terminal so that the 
maximum overload current is 1.0mA (for example, 100kr2 
for a 100 volt overload). This simple scheme will cause no 
significant reduction in performance and give complete over- 
load protection. Figure 30 shows proper connections. 
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Rp TYPICALLY lOOkn TO IWn 

FOR TRANSIENTS LESS THAN 1 SECOND 



- FOR CONTINUOUS OVERLOADS 



Figure 30. AD642 Input Protection 
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Dual High-Speed 
Implanted BIFET Op Amp 




FEATURES 

Matched Offset Voltage 

Matched Offset Voltage Over Temperature 

Matched Bias Currents 

Crosstalk -124dB at 1kHz 

Low Bias Current: 35pA max Warmed Up 

Low Offset Voltage: 500/liV max 

Low Input Voltage Noise: 2/iV p-p 

High Slew Rate: 13V//xs 

Low Quiescent Current: 4.5mA max 

Fast Settling to ±0.01%: 3jlis 

Low Total Harmonic Distortion: 0.0015% at 1kHz 

Standard Dual Amplifier Pin Out 



PRODUCT DESCRIPTION 

The AD644 is a pair of matched high-speed monoUthic FET- 
input operational amplifiers fabricated with the most advanced 
bipolar, JFET and laser-trimming technologies. The AD644 
offers matched bias currents that are significantly lower than 
currently available monolithic dual BiFET operational ampli- 
fiers: 35pA max, matched to 25pA for the AD644K and 
L, 75pA max matched to 35pA for the AD644J and S. In ad- 
dition, the offset voltage is laser trimmed to less than 0.5mV, 
and matched to 0.2 5mV for the AD644L, l.OmV and matched 
to 0.5mV for the AD644K, utilizing Analog Devices' laser- 
wafer trimming (LWT) process. 

The tight matching and temperature tracking between the 
operational amplifiers is achieved by ion-implanted JFETs 
and laser-wafer trimming. Ion-implantation permits the fabri- 
cation of precision, matched JFETs on a monolithic bipolar 
chip. This process optimizes the ability to produce matched 
amplifiers which have lower initial bias currents than other 
popular BiFET op amps. Laser-wafer trimming each ampli- 
fier's input offset voltage assures tight initial match and super- 
ior IC processing guarantees offset voltage tracking over the 
temperature range. 

The AD644 is recommended for applications in which both 
excellent ac and dc performance is required. The matched 
amplifiers provide a low cost solution to true wideband in- 
strumentation amplifiers, low dc drift active filters and output 
amplifiers for four quadrant multiplying D/A converters such 
as the AD7541, 12-bit CMOS DAC. 

The AD644 is available in four versions: the "J"» "K" and 
**L" aire specified over the to +70°C temperature range and 
the "S" over the -55°C to +125°C operating temperature 
range. All devices are packaged in the hermetically-sealed, 
TO-99 metal can. 



AD644 PIN CONFIGURATION 

AMPLIFIER NO. 1 



OUTPUT 



AMPLIFIER NO. 2 
OUTPUT 




NONINVERTING 
INPUT 



6)INVERTING 
^ INPUT 



NONINVERTING 
INPUT 



PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

TOP VIEW 

PRODUCT HIGHLIGHTS 

1. The AD644 has tight side to side matching specifications to 
ensure high performance without matching individual 
devices. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the 
AD644 will meet its published specifications in actual use. 

3. Laser-wafer-trimming reduces offset voltage to as low as 
O.SmV max matched side to side to 0.25mV (AD644L), 
thus eliminating the need for external nulling. 

4. Improved bipolar and JFET processing on the AD644 result 
in the lowest matched bias current available in a high speed 
monolithic FET op amp. 

5. Low voltage noise (2jLtV p-p) and high open loop gain en- 
hance the AD644's performance as a precision op amp. 

6. The high slew rate (IS.OV/jLts) and fast settling time to 
0.01% (3.0ms) make the AD644 ideal for D/A, A/D, sample- 
hold circuits and dual high speed integrators. 

7. Low harmonic distortion (0.0015%) and low crosstalk 
(-124dB) make the AD644 an ideal choice for stereo audio 
applications. 

8. The standard dual amplifier pin out allows the AD644 to 
replace lower performance duals without redesign. 

9. The AD644 is available in chip form. 
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NOTES 

'input Offset Voltage specifications are guaranteed after 5 minutes 

of operation at T^ = + 25°C 
^Bias Current specifications are guaranteed at maximum at either 

input after 5 minutes of operation at T^ = + 25°C For 

higher temperatures, the current doubles every 10°C 
'Matching is defined as the difference between parameters of the two amplifiers 



''Defined as voltage between inputs, such that neither exceeds ± lOV from ground 
'See Section 16 for package outline information 
Specifications subject to change without notice 

Specifications shown in boldface are tested on all production units at final 
electrical test Results from those tests are used to calculate outgoing quality 
levels All mm and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units 



METALIZATION PHOTOGRAPH 

Dimensions shown in inches and (mm). 
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Typical Characteristics 
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Figure 7. Ctiange in Offset Voltage 
vs. Warm-Up Time 
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Figure 10. Open Loop Voltage Gain 
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Figure 2. Output Voltage Swing vs. 
Supply Voltage 
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Figure 5. Input Bias Current vs. 
Temperature 
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Figure 8. Open Loop Gain vs. 
Temperature 
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Figure 1 1. Power Supply Rejection 
vs. Frequency 



30 






F— - 




r r ri i 
















FREQ-lkHz 
















±15V dc SUPPLIES 




- 
























6. 














^ 






















/ 








> 












/ 










i 












( 










^ 










j 






















1 












C9 
























































































" 10 










J 


















X^ 


/ 


f 













LOAD RESISTANCE - Ohmt 



Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 6. Input Bias Current vs. CMV 
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Figure 9. Open Loop Frequency 
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Figure 13. Large Signal Frequency 
Response 
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Figure 14. Output Settling Time vs. Output 
Swing and Error (Circuit of Figure 23a) 
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Figure 15. Noise Spectral Density 
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Figure 16. Total Harmonic Distortion 
vs. Frequency 



Figure 17. Closed Loop Gain & Phase 
vs. Frequency 
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Figure 18. Slew Rate vs. Error 
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a. Unity Gain Follower 

Figure 19. T.H.D. 



b. Follower with Gain = 10 
Test Circuits 



Figure 20. Crosstalk Test Circuit 






Figure 21a. Unity Gain Follower 
Pulse Response (Large Signal) 



Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 



Figure 21c. Unity Gain Follower 




Figure 22a. Unity Gain Inverter 
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Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 



Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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^ SCOPE VERTICAL 
1MV/DIV 
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Figure 23a. Settling Time Test Circuit 



VERROR.ImV/DIV 
V,N = 10V/DIV 


B 



Figure 23b. Settling Characteristic Detail 

The fast settling time (S.OjUs to 0,01% for 20V p-p step) and 
low offset voltage make the AD644 an excellent choice as an 
output amplifier for current output D/A converters such as 
the AD7541. The upper trace of the oscilloscope photograph 
of Figure 23b shows the settling characteristics of the AD644. 
The lower trace represents the input to Figure 23 a. The AD644 
has been designed for fast settling to 0.01%, however, feedback 
components, circuit layout and circuit design must be carefully 
considered to obtain the optimum settling time. 




Cl IRl 

__500pFto <2knto 
I 1500pF > 20kn 



TYPICAL CAPACITANCE 
LIMIT FOR VARIOUS 
LOAD RESISTORS 



I' 



^ 



2kn - IBOOpF 
lOkfi - 600pF 
20kn -> SOOpF 



Figure 24. Circuit for Driving a Large Capacitive Load 




Transient Response Rl =2kQ. C/. =500pF 

The circuit in Figure 24 employs a 10012 isolation resistor 
which enables the amplifier to drive capacitive loads ex- 
ceeding 500pF; the resistor effectively isolates the high fre- 
quency feedback from the load and stabilizes the circuit. Low 
frequency feedback is returned to the amplifier summing 



junction via the low pass filter formed by the lOOfi series 
resistor and the load capacitance, Cl. 

The low input bias current (35pA), low noise, high slew rate 
and high bandwidth characteristics of the AD644 make it 
suitable for electrometer applications such as photodiode 
preamplifiers and picoampere current-to-voltage converters. 
The use of guarding techniques in printed circuit board 
layout and construction is critical for achieving the ultimate in 
low leakage performance that the AD644 can deliver. The in- 
put guarding scheme shown in Figure 25 will minimize leakage 
as much as possible. The same layout should be used on both 
sides of a double side board. The guard ring is connected to 
a low impedance potential at the same level as the inputs. High 
impedance signal lines should not be extended for any unneces- 
sary length on a printed circuit; to minimize noise and leakage, 
such conductors should be replaced by rigid shielded cables. 




Figure 25. Board Layout for Guarding Inputs 

INPUT PROTECTION 

The AD644 is guaranteed for a maximum safe input potential 
equal to the power supply potential. The input stage design 
also allows differential input voltages of up to ±1 volt while 
maintaining the full differential input resistance of 10^^12. 
This makes the AD644 suitable for comparator situations 
employing a direct connection to high impedance source. 
Many instrumentation situations, such as flame detectors in 
gas chromatographs, involve measurement of low level currents 
from high-voltage sources. In such applications, a sensor fault 
condition may apply a very high potential to the input of the 
current-to-voltage converting amplifier. This possibility neces- 
sitates some form of input protection. Many electrometer type 
devices, especially CMOS designs, can require elaborate zener 
protection schemes which often compromise overall perfor- 
mance. The AD644 requires input protection only if the source 
is not current-limited, and as such is similar to many JFET-input 
designs. The failure mode would be overheating from 
excess current rather than voltage breakdown. If the source is 
not current-linuted, all that is required is a resistor in series 
with the affected input terminal so that the maximum over- 
load current is 1.0mA (for example, lOOkfl for a 100 volt 
overload). This simple scheme will cause no significant reduc- 
tion in performance and give complete overload protection . 
Figure 26 shows proper connections. 

Rf 




^- FOR TRANSIENTS LESS THAN 1 SECOND 



Rp= _yp_ FOR CONTINUOUS OVER LOADS 
100/iA 

Figure 26. AD644 Input Protection 
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BIPOLAR 

ANALOG INPUT 

±10V 




♦ 



10k NOTES 

1 R3/R4 MATCH 05% OR BETTER. 
2. R1, R2 USED ONLY IF GAIN 
ADJUSTMENT IS REQUIRED 



Figure 27a. AD644 Used as DAC Output Amplifiers 




Figure 27b. Large Signal Response 




Figure 27c. Small Signal Response 

Figure 27a illustrates the 10-bit digital-to-analog converter, 
AD7533, connected for bipolar operation. Since the digital in- 
put can accept bipolar numbers and Vref can accept a bipolar 
analog input, the circuit can perform a 4-quadrant multiplying 
function. The photos exhibit the response to a step input at 
Vref- Figure 27b is the large signal response and Figure 27c 
is the small signal response. 

The output impedance of a CMOS DAC varies with the digital 
word thus changing the noise gain of the amplifier circuit. The 
effect will cause a nonlinearity the magnitude of which is 
dependent on the offset voltage of the amplifier. The AD644K 
with trimmed offset will minimize the effect. The Schottky 
protection diodes recommended for use with many older 
CMOS DACs are not required when using the AD644. 

ACTIVE FILTERS 

Literature on active filter techniques and characteristics based 
on operational amplifiers is readily available. The successful 
application of an active filter however, depends on the compo- 
nent selection to achieve the desired performance. The AD644 
is recommended for filters in medical, instrumentation, data 
acquisition and audio applications, because of its high gain 
bandwidth figure, symmetrical slewing, low noise, and low 
offset voltage. 



The state variable filter (Figure 28) is stable, easily tuned and 
is independent of circuit Q and gain. The use of the AD644 
with its low input bias current simplifies the resistor (R3, R4) 
selection for the passband center frequency, circuit Q and 
voltage gain. 



O-A^V- i- 




Qo, IS ADJUSTABLE BY VARYING R2 
fo, IS ADJUSTABLE BY VARYING R OR C 



fo = CENTER FREQUENCY = 1/2 n Re 
Qo = QUALITY FACTOR = "it"^ 
Ho = GAIN AT RESONANCE = R2/R1 
R3 = R4 * lO^/fo 

Figure 28. Band Pass State Variable Filter 



SAMPLE/HOLD COMMAND 




Figure 29. Sample and Hold Circuit 

The sample and hold circuit, shown in Figure 29 is suitable for 
use with 8-bit A/D converters. The acquisition time using a 
3900pF capacitor and fast CMOS SPST (ADG200) switch is 
15ms. 

The droop rate is very low 25 X 10"^ V/jUs due to the low 
input bias currents of the AD644. Care should be taken to 
minimize leakage paths. Leakages around the hold capacitor 
will increase the droop rate and degrade performance. 



OFFSET ADJUST 

50k 

-Vs —AY*— +Vs 



1% RESISTORS 



rL 



8-60pF 
HIGH FREQUENCY 
CMR TRIMMER O 



R2 = 
R4 = 




INSTRUMENTATION AMPLIFIER WITH GAIN OF TEN 



Figure 30. Wide Bandwidth Instrumentation Amplifier 

The AD644 in the circuit of Figure 30 provides highly accurate 
signal conditioning with high frequency input signals. It pro- 
vides an offset voltage drift of 10iLiV/°C, CMRR of 80dB over 
the range of dc to lOkHz and a bandwidth of 200kHz (-3dB) 
at IV p-p output. The circuit of Figure 30 can be configured 
for a gain range of 2 to 1000 with a typical nonlinearity of 
0.01% at a gain of 10. 
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ANALOG 
DEVICES 



Ultralow-Drift 
Dual BiFET Op Amp 



AD647 



FEATURES 

Low Offset Voltage Drift 

Matched Offset Voltage 

Matched Offset Voltage Over Temperature 

Matched Bias Current 

Crosstalk -124dB at 1kHz 

Low Bias Current: 35pA max Warmed Up 

Low Offset Voltage: 250/l(V max 

Low Input Voltage Noise: ^V p-p 

High Open Loop Gain: 108dB 

Low Quiescent Current: 2.8mA max 

Low Total Harmonic Distortion 

Standard Dual Amplifier Pin Out 



AD647 PIN CONFIGURATION 

AMPLIFIER NO. 1 



AMPLIFIER NO. 2 



OUTPUT 




noninverting(3 

INPUT 



OUTPUT 



6)INVERTING 
' INPUT 



noninverting 

INPUT 



PIN 4 IS IN electrical 
CONTACT WITH THE CASE 



PRODUCT DESCRIPTION 

The AD647 is an ultralow-drift dual JFET amplifier that 
combines high performance and convenience in a single 
package. 

The AD647 uses the most advanced ion-implantation and 
laser wafer drift trimming technologies to achieve the highest 
performance currently available in a dual JFET. Ion-implan- 
tation permits the fabrication of matched JFETs on a mono- 
lithic bipolar chip. Laser wafer drift trimming trims both the 
initial offset voltage and its drift with temperature to provide 
offsets as low as lOOjuV (ZSO/zV max) and drifts of 2.5mV/°C 
max. 

In addition to outstanding individual amplifier performance, 
the AD647 offers guaranteed and tested matching performance 
on critical parameters such as offset voltage, offset voltage 
drift and bias currents. 

This high level of performance makes the AD647 especially 
well suited for high precision instrumentation amplifier 
applications that previously would have required the costly 
selection and matching of space wasting single amplifiers. 

The AD647 also offers high levels of performance for 
Digital to Analog Converter output amplifiers, and filtering 
applications. 

The AD647 is offered in four performance grades, three 
commercial (the J, K, and L) and one extended (the S). All 
are supplied in hermetically sealed 8-pin TO-99 packages. 



PRODUCT HIGHLIGHTS 

1. The AD647 is guaranteed and tested to tight matching 
specifications to ensure high performance and to elimi- 
nate the selection and matching of single devices. 

2. Laser wafer drift trimming reduces offset voltage and off- 
set voltage drifts to 250juV and 2.5mV/°C max. 

3. Voltage noise is guaranteed at 4juV p-p max (0.1 to 
lOHz) on K, L and S grades. 

4. Bias current (35pA K, L, S; 75pA J) is specified after 
five minutes of operation. 

5. Total supply current is a low 2.8mA max. 

6. High open loop gain ensures high linearity in precision 
instrumentation amplifier applications. 

7. The standard dual amplifier pin out permits the direct sub- 
stitution of the AD647 for lower performance devices. 

8. The AD647 is available in chip form. 
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NOTES 

'input Offset Voltage specifications are guaranteed after 5 minutes 

of operation at Ta = + 25°C 
^Bias Current specifications are guaranteed at maximum at either 

input after 5 minutes of operation at Ta = + 25°C For 

higher temperatures, the current doubles every 10°C 
'Matching is defined as the difference between parameters of 

the two amplifiers 



''Defined as the maximum safe voltage between inputs, such that 
neither exceeds ± lOV from ground 
'See Section 16 for package outline information 
Specifications subject to change without notice 

Specifications shown m boldface are tested on all production units at final 
electrical test Results from those tests are used to calculate outgoing quality 
levels All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 



METALIZATION PHOTOGRAPH 

Dimensions shown in inches and (mm). 
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Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 14. Large Signal Frequency 
Response 



Figure 15. Output Settling Time vs. 
Output Swing and Error (Circuit of 
Figure 23) 
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CROSSTALK = 20 LOG 



a. Unity Gain Follower b. Follower with Gain - 

Figure 19. T.H.D. Test Circuits 



Figure 20. Crosstalk Test Circuit 






Figure 21a. Unity Gain Follower 
Pulse Response (Large Signal) 



Figure 21b. Unity Gain Follower 
Pulse Response (Small Signal) 



Figure 21c. Unity Gain Follower 




Figure 22a. Unity Gain Inverter 




Figure 22b. Unity Gain Inverter 
Pulse Response (Large Signal) 



Figure 22c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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Applications 



APPLICATION NOTES 

The AD647 is fully specified under actual operating condi- 
tions to insure high performance in any application, but there 
are some steps that will improve on even this high level of 
performance. 

The bias current of a JFET amplifier doubles with every 10° C 
increase in junction temperature. Any heat source that can be 
eliminated or minimized will significantly improve bias current 
performance. To account for normal power dissipation, the 
largest contributor to chip self-heating, the bias currents of the 
AD647 are guaranteed fully warmed up with ±15V supplies. A 
decrease in supply voltage will decrease power consumption, 
resulting in a corresponding drop in bias currents. 

Open loop gain and bias currents, to some extent, are affected 
by output loading. In applications where high linearity is essen- 
tial, load impedance should be kept as high as possible to min- 
imize degradation of open loop gain. 

The outstanding ac and dc performance of the AD647 make it 
an ideal choice for critical instrumentation applications. In 
such applications, leakage paths, line losses and external noise 
sources should be considered in the layout of printed circuit 
boards. A guard ring surrounding the inputs and connected to 
a low impedance potential (at the same level as the inputs) 
should be placed on both sides of the circuit board. This will 
eliminate leakage paths that could degrade bias current per- 
formance. All signal paths should be shielded to minimize 
noise pick-up. 



BIPOLAR 

ANALOG INPUT 

±10V 




NOTES 

1 R3/R4 MATCH 05% OR BETTER 

2 R1, R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED 



Figure 23. AD647 Used as DAC Output Amplifier 



A CMOS DAC AMPLIFIER 

The output impedance of a CMOS DAC, such as the AD7541, 
varies with digital input code. This causes a corresponding vari- 
ation in the noise gain of the DAC-amplifier combination. 
This noise gain modulation introduces a nonlinearity whose 
magnitude is dependent on the amount of offset voltage 
present. 

Laser wafer drift trimming lowers the initial offset voltage and 
the offset voltage drift of the AD647, therefore minimizing 
the effect of this nonlinearity and its drift with temperature. 
This, in conjunction with the low bias current and high open 
loop gain, makes the AD647 ideal for DAC output amplifier 
applications. 

THE AD647 USED WITH THE AD7546 

Figure 24 shows the AD647 used with the AD7546 16-bit seg- 
ment DAC. In this application, amplifier performance is criti- 
cal to the overall performance of the AD7546. Al is used as a 
dual precision buffer. Here the offset voltage match, low off- 
set voltage and high open loop gain of the AD647 ensure 
monotonicity and high linearity over the entire operating 
temperature range. A2 serves a dual function: amplifier A is a 
Track and Hold circuit that deglitches the DAC output and 
amplifier B acts as an output amplifier. The performance of 
the amplifiers of A2 is crucial to the accuracy of the system. 
The errors of these amplifiers are added to the errors due 
strictly to DAC imperfections. For this reason great care 
should be used in the selection of these amplifiers. The 
matching characteristics, low bias current and low tempera- 
ture coefficients of the AD647 make it ideal for this appli- 
cation. 




Figure 24. AD647 Used witfi AD7546 16-Bit DAC 
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USING THE AD647 IN LOG AMPLIFIER APPLICATIONS 

Log amplifiers or log ratio amplifiers are useful in a wide range 
of analog computational applications, ranging from the simple 
linearization of exponential transducer outputs to the use of 
logarithms in computations involving multi-term products or 
arbitrary exponents. Log amps also facilitate the compression 
of wide ranging analog input signals into a range that can be 
easily handled using standard circuit techniques. 
The picoamp level input current and low offset voltage of the 
AD647 make it suitable for wide dynamic range log ampli- 
fiers. Figure 27 is a schematic of a log ratio circuit employing 
the AD647 that can achieve less than 1% conformance error 
over 5 decades of current input, InA to lOOjuA. For voltage 
inputs, the dynamic range is typically 50mV to lOV for 1% 
error, limited on the low end by the amplifiers' input offset 
voltage. 




VouT = -1VLOGio I1/I2 
OR-IVLOG10V1/V2 



RTC TEL LABS 



NOTES 

CIRCUIT SHOWN FOR NEGATIVE V OR \,n 

FOR POSITIVE INPUTS, Q1 = PNP, AND Va = -15V 



Figure 25. Log-Ratio Amplifier 

The conversion between current (or voltage) input and log 
output is accomplished by the base-emitter junctions of the 
dual transistor Ql. Assuming Ql has |3>100, which is the case 
for the specified transistor, the base-emitter voltage on side 1 
is to a close approximation . 

VBEA = kT/qlnli/Isi 

This circuit is arranged to take the difference of the Vb£'s of 
QIA and QIB, thus producing an output voltage proportional 
to the log of the ratio of the inputs: 

KkT 
VouT = -K(VBEA-VBEB) = --|^anIi/Isi-lnl2/Is2) 

VoUT = -KkT/qlnIi/l2 

The scaling constant, K is set by Rl and Rjc to about 16, to 
produce a IV change in output voltage per decade difference 
in input signals. Rjc is a special resistor with a +3 500ppm/°C 
temperature coefficient, which makes K inversely proportional 
to temperature, compensating for the "T" in kT/q. The log- 
ratio transfer characteristic is therefore independent of tem- 
perature. 

This particular log ratio circuit is free from the dynamic prob- 
lems that plague many other log circuits. The -3dB bandwidth 
is 50kHz over the top 3 decades, lOOnA to lOOjuA, and de- 
creases smoothly at lower input levels. This circuit needs no 
additional frequency compensation for stable operation from 
input current sources, such as photodiodes, which may have 



lOOpF of shunt capacitance. For larger input capacitances a 
20pF integration capacitor around each amplifier will provide 
a smoother frequency response. 

This log ratio amplifier can be readily adjusted for optimum 
accuracy by following this simple procedure. First, apply VI = 
V2 = -lO.OOV and adjust "Balance" for Vqut = O.OOV. Next 
apply VI = -lO.OOV, V2 = -l.OOV and adjust gain for Vqut = 
+ 1.00V. Repeat this procedure until gain and balance readings 
are within 2mV of ideal values. 

ACTIVE FILTERS 

In active low pass filtering applications the dc accuracy of the 
amplifiers used is critical to the performance of the filter cir- 
cuits. DC error sources such as offset voltage and bias currents 
represent the largest individual contributors to output error. 
Offset voltages will be passed by the filtering network and 
may, depending on the design of the filter circuit, be ampli- 
fied and generate unacceptable output offset voltages. In filter 
circuits for low frequency ranges large value resistors are used 
to generate the low pass filter function. Input bias currents 
passing through these resistors will generate an additional off- 
set voltage that will also be passed to the output of the filter. 

The use of the AD647 will minimize these error sources and, 
therefore, maximize filter accuracy. The wide variety of per- 
formance levels of the AD647 allows for just the amount of 
accuracy required for any given application. 

AD647 AS AN INSTRUMENTATION AMPLIFIER 

The circuit shown in Figure 26 uses the AD647 to construct 
an ultra high precision instrumentation amplifier. In this type 
of application the matching characteristics of a monolithic 
dual amplifier are crucial to ensure high performance. 




NOTES 

Rs AND Rg ARE i 

R3 AND fl4 ARE ±1%, lSOppm/°C 

RS R6. R7 R8 ARE A MATCHED NETWORK, 

±0 01%, i2ppin/°C TRACKING TC 



Figure 26. Precision FET Input Instrumentation Amplifier 

The use of an AD647L as the input amplifier Al, guarantees 
maximum offset voltage of 250iLtV, drift of 2.5iuV/°C and bias 
currents of 3 5p A. A2 serves two less critical functions in the 
amplifier and, therefore can be an AD647J. Amplifier A is an 
active data guard which increases ac CMRR and minimizes 
extraneous signal pickup and leakage. Amplifier B is the out- 
put amplifier of the instrumentation amplifier. To attain the 
precision available from this configuration, a great deal of care 
should be taken when selecting the external components. 
CMRR will depend on the matching of resistors Rl, R2, R3, 
and R4. The gain drift performance of this circuit will be 
affected by the matching TC of the resistors used. 
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ANALOG 
DEVICES 



Dual Precision 
Low- Power BIFET Op Amp 




FEATURES 

DC Performance: 

400|jiA max Quiescent Current 

lOpA max Bias Current, Warmed Up (AD648C) 

300|jiV max Offset Voltage (AD648C) 

SfjiV/X max Drift (AD648C) 

Z^iV p-p Noise, 0.1 to 10Hz 
AC Performance: 

1.8 V/|jis Slew Rate 

1MHz Unity Gain Bandwidth 
Available in Plastic, Hermetic Cerdip and 

Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 



PRODUCT DESCRIPTION 

The AD648 is a matched pair of low-power, precision monolithic 
operational amplifiers. It offers both low bias current (lOpA 
max, warmed up) and low quiescent current (400|xA max) and 
is fabricated with ion-implanted FET and laser wafer trimming 
technologies. Input bias current is guaranteed over the AD648's 
entire common-mode voltage range. 

The economical J grade has a maximum guaranteed offset voltage 
of less than 2mV and an offset voltage drift of less than 20|xV/°C. 
The C grade reduces offset voltage to less than O.SOmV and 
offset voltage drift to less than 3|jlV/°C. This level of dc precision 
is achieved utilizing Analog's laser wafer drift trimming process. 
The combination of low quiescent current and low offset voltage 
drift minimizes changes in input offset voltage due to self-heating 
effects. Five additional grades are offered over the commercial, 
industrial and military temperature ranges. 

The AD648 is recommended for any dual supply op amp appli- 
cation requiring low power and excellent dc and ac performance. 
In applications such as battery-powered, precision instrument 
front ends and CMOS DAC buffers, the AD648's excellent 
combination of low input offset voltage and drift, low bias current 
and low 1/f noise reduces output errors. High common mode 
rejection (86dB, min on the "C" grade) and high open-loop gain 
ensures better than 12-bit linearity in high impedance, buffer 
applications. 

The AD648 is pinned out in a standard dual op amp configuration 
and is available in seven performance grades. The AD648J and 
AD648K are rated over the commercial temperature range of 
to +70°C. The AD648A, AD648B ana ..":)648C are rated over 
the industrial temperature range of -40°C to +85°C. The 
AD648S and AD648T are rated over the mihtary temperature 
range of - 55°C to + 125°C and are available processed to MIL- 
STD-883B, Rev. C. 



AD648 CONNECTION DIAGRAM 

TO-99 
(H) Package 



AMPLIFIER NO 2 




PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 



Plastic Mini-DIP (N) Package 

and 

Cerdip (Q) Package 




r^. 



INPUT 
V- |T 



Extended reliability PLUS screening is available for parts specified 
over the commercial and industrial temperature ranges. PLUS 
screening includes 168-hour burn-in, as well as other environ- 
mental and physical tests. 

The AD648 is available in an 8-pin plastic mini-DIP, cerdip or 
TO-99 metal can. 

PRODUCT HIGHLIGHTS 

1. A combination of low supply current, excellent dc and ac 
performance and low drift makes the AD648 the ideal op 
amp for high-performance, low-power appUcations. 

2. The AD648 is pin compatible with industry standard dual op 
amps such as the LF442, TL062, and AD642, enabling 
designers to improve performance while achieving a reduction 
in power dissipation of up to 85%. 

3. Guaranteed low input offset voltage (2m V max) and drift 
(20|jlV/°C max) for the AD648J are achieved utihzing Analog 
Devices' laser drift trimming technology. 

4. Analog Devices specifies each device in the warmed-up con- 
dition, insuring that the device will meet its published specifica- 
tions in actual use. 

5. Matching characteristics are excellent for all grades. The 
input offset voltage matching between amplifiers in the AD648J 
is within 2mV, for the C grade matching is within 0.4mV. 

6. Crosstalk between amplifiers is less than — 120dB at IkHz. 

7. The AD648 is available in chip form. 
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SPECIFICATIONS 



+ 25°C and Ys = ± 15V dc, unless otherwise noted) 



Model 


AD648J/A/S 




AD648K/B/T 




AD648C 






Min Typ Max 


Min 


Typ Max 


Min 


Typ Max 


Units 


INPUT OFFSET VOLTAGE ' 














Initial Offset 


75 2.0 




0.3 1.0 




0.10 0.3 


mV 


Tmint0T„,ax 


3.0/3.0/3.0 




1.5/1.5/2.0 




0.5 


mV 


vs Temp 


20 




10 




3.0 


^tV/»C 


vs Supply 


80 




86 




86 


dB 


vs Supply, Tnu„ to Tmax 


76/76/76 




80 




80 


dB 


Long-Term Offset Stability 


15 




15 




15 


(iV/month 


INPUT BIAS CURRENT 














Either Input^VcM = 


5 20 




3 10 




3 10 


pA 


Either Input^ at Tn,ax> Vcm = 


0.45/1 3/20 




0.25/0 65/10 




65 


nA 


Max Input Bias Current Over 














Common-Mode Voltage Range 


30 




15 




15 


pA 


Offset Current, Vcm = 


5 10 




2 5 




2 5 


pA 


Offset Current at Tmax 


0.25/0!7/10 




15/0 35/5 




35 


nA 


MATCHING CHARACTERISTICS' 














Input Offset Voltage 


10 2.0 




0.5 1.0 




2 0.4 


mV 


Input Offset Voltage Tnun to T^ax 


3 0/3 0/3.0 




1.5/1.5/2.0 




0.5 


mV 


Input Offset Voltage vs Temp 


8 




5 




2.5 


jiV/°C 


Input Bias Current 


10 




5 




5 


pA 


Crosstalk 


-120 




-120 




-120 


dB 


INPUT IMPEDANCE 














Differenual 


IxIO'^llB 




1 X 10'i3 




1 X lO'^ilB 


niipF 


Common Mode 


3xlO'2||3 




3xlO'2||3 




3xlO'2||3 


nilpF 


INPUT VOLTAGE RANGE 














Differenual'' 


±20 




±20 




±20 


V 


Common Mode 


±11 ±12 


±11 


±12 


±11 


±12 


V 


Common-Mode Rejection 














VcM=±10V 


76 


82 




86 




dB 


TmintoTmax 


76/76/76 


82 




86 




dB 


VcM=±llV 


70 


76 




76 




dB 


TmintoTmax 


70/70/70 


76 




76 




dB 


INPUT VOLTAGE NOISE 














Voltage 0.1 Hz to lOHz 


2 




2 




2 4 


M-Vp-p 
nV/VHz 


f= lOHz 


80 




80 




80 


f = lOOHz 


40 




40 




40 


nV/VSi 


f = IkHz 


30 




30 




30 


nv/Vni 


f = lOkHz 


30 




30 




30 


nV/VHz 


INPUT CURRENT NOISE 








' 






f = IkHz 


1 8 




1 8 




1 8 


fA/VHi 


FREQUENCY RESPONSE 














Unity Gam, Small Signal 


08 10 


0.8 


10 


0.8 


1 


MHz 


Full Power Response 


30 




30 




30 


kHz 


Slew Rate, Unity Gam 


1.0 1 8 


1.0 


18 


1.0 


1.8 


V/JJLS 


SettlmgTimeto ±0 01% 


8 




8 




8 


JIS 


OPEN LOOP GAIN 














Vo=±10V,RL2lOkn 


300 1000 


300 


1000 


300 


1000 


V/mV 


Tm,ntoTmax,RLSlOkn 


300/300/300 700 


300 


700 


300 


700 


V/mV 


Vo=±10V,RLs5kn 


150 500 


150 


500 


150 


500 


V/mV 


Tmint0Tmax,RLS5ka 


150/150/150 300 


150 


300 


150 


300 


V/mV 


OUTPUT CHARACTERISTICS 














Voltage $tRL>10kn, 














TmmtoTmax 


±12/±12/±12 ±13 


±12 


±13 


±12 


±13 


V 


Voltage ^Rt^Skn, 














TmintoTmax 


±11/±11/±11 ±12 


±11 


±12 


±11 


±12 


V 


Short Cu-cuit Current 


15 




15 




15 


mA 


POWER SUPPLY 














Rated Performance 


±15 




±15 




±15 


V 


Opcratmg Range 


±4.5 ±18 


±4.5 


±18 


±4.5 


±18 


V 


Quiescent Current (Both Amplifiers) 


340 400 




340 400 




340 400 


M-A 


TEMPERATURE RANGE 














Operatmg, Rated Performance 














Commercial (0 to +70°C) 


AD648J 




AD648K 








Industrial (-40°C to +85°C) 


AD648A 




AD648B 




AD648C 




Military(-55°Cto + 125°C) 


AD648S 




AD648T 








PACKAGE OPTIONS^ 














Plastic (N-8) 


AD648JN 




AD648KN 








Cerdip(Q-8) 


AD648AQ,AD648SQ 




AD648BQ,AD648TQ 




AD648CQ 




Metal Can (H-08A) 


AD648AH,AD648SH 




AD648BH,AD648TH 




AD648CH 





NOTES 

'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = +25°C 
^Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at Ta = + 25°C 
For higher temperature, the current doubles every 10°C 

'Matching is defined as the difference between parameters of the two amplifiers 
''Defined as voltages between inputs, such that neither exceeds ± lOV from ground 
^See Section 16 for package outline information 
Specifications subject to change without notice 

Specifications in boldface are tested on all production units at final electrical test Results from those tests are used to 
calculate outgoing quality levels All mm and max specifications are guaranteed, although only those shown m boldface 
are tested on all production units 
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ABSOLUTE MAXIMUM RATINGS^ 

Supply Voltage ±18V 

Internal Power Dissipation 500mW 

Input Voltage^ ± 18V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage + Vs and - Vs 

Storage Temperature Range Q, H -65°C to + ISO^C 

N -65Xto +125°C 

Operating Temperature Range 

AD648J/K to +70X 

AD648A/B/C -40°C to +85°C 

AD648S/T -55°Cto + 125°C 

Lead Temperature Range (Soldering 60sec) 300°C 

NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Ex()osure to absolute maximum rating conditions for extended 
periods may affect device reliabiUty, 

^For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 



NONINVERTING 3 
INPUT 



0.113(2.870) 



INVERTING 

INPUT OUTPUT +Vs OUTPUT 




6 INVERTING 
INPUT 



0.067 
(1.702) 



5 NONINVERTING 
INPUT 



CHIP DIMENSIONS AND PAD LAYOUT 

Dimensions shown in inches and (mm). 
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+ V,N 



SUPPLY VOLTAGE - ±V 



Figure 1. Input Voltage Range 
vs. Supply Voltage 



Figure 4. Quiescent Current vs. 
Supply Voltage 




COMMON-MODE VOLTAGE - V 

Figure 7. Input Bias Current vs. 
Common-Mode Voltage 
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Figure 10. Open Loop Frequency 
Response 
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SUPPLY VOLTAGE - ±V 



Figure 2. Output Voltage Swing 
vs. Supply Voltage 




SUPPLY VOLTAGE - ±V 



Figure 5. Input Bias Current 
vs. Supply Voltage 
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TIME - Seconds 

Figure 8. Change in Offset Voltage 
vs. Warm-Up Time 
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Figure 1 1. Open Loop Voltage Gain 
vs. Supply 




LOAD RESISTANCE - it 



Figure 3. Output Voltage Swing 
vs. Resistive Load 
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Figure 6. Input Bias Current vs. 
Temperature 
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Figure 9. Open Loop Gain vs. 
Temperature 



100 

to 

2 80 

3 60 

^40 

D 

oc 
g 20 



-20 




- 




























"^ 


V 


+s 


JPPL 


Y 














s 


\ 


>* 








s, 


s 


V 


















' V 


V 


^^ 


, 




s 


\ 


s 
















-S 


1 

JPP 


Y 


^ 


^, 


• » 




s 


^ 
























\ 


s 


' 

































FREQUENCY - Hz 



Figure 12. PSRR vs. Frequency 
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Typical Characteristics 
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Figure 13. CMRR vs. Frequency 
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Figure 16. Total Harmonic 
Distortion vs. Frequency 
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Figure 14. Large Signal Frequency 
Response 
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Figure 17. Input Noise Voltage 
Spectral Density 
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Figure 15. Output Settling Time vs. 
Output Swing and Error Voltage 
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Figure 18. Total Noise vs. Source 
Resistance 




Figure 19a. Unity Gain Follower 



s 



Figure 19b. Unity Gain Follower 
Pulse Response (Large Signal) 




Figure 19c. Unity Gain Follower 
Pulse Response (Small Signal) 




SQUARE 

WAVE 

INPUT 



Figure 20a. Unity Gain Inverter 



Figure 20b. Unity Gain Inverter 
Pulse Response (Large Signal) 




Figure 20c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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Applying the AD648 



APPLICATION NOTES 

The AD648 is a pair of JFET-input op amps with a guaranteed 
maximum Ib of less than lOpA, and offset and drift laser-trimmed 
to 0.3mV and SyNrC respectively (AD648C). AC specs include 
IMHz bandwidth, 1.8V/^.s typical slew rate and 8^.s settling 
time for a 20V step to ±0.01% - all at a supply current less 
than 400|xA. To capitalize on the device's performance, a number 
of error sources should be considered. 

The minimal power drain and low offset drift of the AD648 
reduce self-heating or "warm-up** effects on input offset voltage, 
making the AD648 ideal for on/off battery powered applications. 
The power dissipation due to the AD648*s 400|jiA supply current 
has a negUgible effect on input current, but heavy output loading 
will raise the chip temperature. Since a JFET*s input current 
doubles for every 10°C rise in chip temperature, this can be a 
noticeable effect. 

The amplifier is designed to be functional with power supply 
voltages as low as ±4.5V. It will exhibit a higher input offset 
voltage than at the rated supply voltage of ± 15V, due to power 
supply rejection effects. Common mode range extends from 3V 
more positive than the negative supply to IV more negative 
than the positive supply. Designed to cleanly drive up to lOkH 
and lOOpF loads, the AD648 will drive a 2kn load with reduced 
open loop gain. 

Figure 21 shows the recommended crosstalk test circuit. A 
typical value for crosstalk is - 120dB at IkHz. 




10V.M V V 



Figure 21. Crosstalk Test Circuit 



LAYOUT 

To take full advantage of the AD648*s lOpA max input current, 
parasitic leakages must be kept below an acceptable level. The 
practical limit of the resistance of epoxy or phenolic circuit 
board material is between 1 x lO^^O and 3 x lO^^H. This can 
result in an additional leakage of 5pA between an input of OV 
and a — 15V supply line. Teflon or a similar low leakage material 
(with a resistance exceeding lO^^O) should be used to isolate 
high impedance input lines from adjacent lines carrying high 
voltages. The insulator should be kept clean, since contaminants 
will degrade the surface resistance. 

A metal guard completely surrounding the high impedance 
nodes and driven by a voltage near the common mode input 
potential can also be used to reduce some parasitic leakages. 
The guarding pattern in Figure 22 will reduce parasitic leakage 
due to finite board surface resistance; but it will not compensate 
for a low volume resistivity board. 



METAL CAN 



MINI-DIP 




4 






E] 



'WH 






Figure 22. Board Layout for Guarding Inputs 

INPUT PROTECTION 

The AD648 is guaranteed to withstand input voltages equal to 
the power supply potential. Exceeding the negative supply voltage 
on either input will forward bias the substrate junction of the 
chip. The induced current may destroy the amplifier due to 
excess heat. 

Input protection is required in applications such as a flame 
detector in a gas chromatograph, where a very high potential 
may be appUed to the input terminals during a sensor fault 
condition. Figures 23a and 23b show simple current limiting 
schemes that can be used. Rprotect should be chosen such that 
the maximum overload current is 1.0mA (for example lOOkfl 
for a lOOV overload). 




M^ m^*^ 



Rp TYPICALLY lOOkll TO IMll 



FOR 1 SECOND OR LESS TRANSIENTS 



lOOfxi 



FOR CONTINUOUS OVERLOAD 



Figure 23a. Input Protection of l-to-V Converter 




Figure 23b. Voltage Follower Input Protection Method 

Figure 23b shows the recommended method for protecting a 
voltage follower from excessive currents due to high voltage 
breakdown. The protection resistor, Rp, limits the input current. 
A nominal value of lOOkft will limit the input current to less 
than 1mA with a 100 volt input voltage applied. 

The stray capacitance between the summing junction and ground 
will produce a high frequency roll-off with a comer frequency 
equal to: 



*conicr 



1 



lit Rp Cstray 



Accordingly, a lOOkO value for Rp with a 3pF C^^ss will cause a 
3dB comer frequency to occur at 531kHz. 
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Figure 23c. l-to-V Converter with Diode Input Protection 



Figure 23c shows a diode clamp protection scheme for an I-to-V 
converter using low leakage diodes. Because the diodes are 
connected to the op amp's sununing junction, which is a virtual 
ground, their leakage contribution is minimal. 

Exceeding the negative common mode range on either input 
terminal causes a phase reversal at the output, forcing the amplifier 
output to the corresponding high or low state. Exceeding the 
negative common mode on both inputs simultaneously forces 
the output high. Exceeding the positive conmion mode range on 
a single input doesn't cause a phase reversal, but if both inputs 
exceed the limit the output will be forced high. In all cases, 
normal amplifier operation is resumed when input voltages are 
brought back within the common mode range. 



D/A CONVERTER BIPOLAR OUTPUT BUFFER 

The circuit in Figure 24 provides 4 quadrant multiplication with 
a resolution of 12 bits. The AD648 is used to convert the AD7545 
CMOS DAC's output current to a voltage and provides the 



necessary level shifting to achieve a bipolar voltage output. The 
circuit operates with a 12-bit plus sign input code. The transfer 
function is shown in Figure 25. 




Figure 24. 12-Bit Plus Sign Magnitude D/A Converter 



SIGN BIT 


BINARY NUMBER IN DAC REGISTER 


ANALOG OUTPUT 




1 

1 


1111 1111 1111 
0000 0000 0000 
0000 0000 0000 
1111 1111 1111 


+ V,N X (4095/4096) 
VOLTS 
VOLTS 
-V,nX (4095/4096) 



NOTE: SIGN BIT AT "0 " CONNECTS THE NONINVERTING INPUT OF 
A2 TO ANALOG COMMON 

Figure 25. Sign Magnitude Code Table 



The AD7592 is a fully protected dual CMOS SPOT switch with 
data latches. R4 and R5 should match to within 0.01% to maintain 
the accuracy of the converter. A mismatch between R4 and RS 
introduces a gain error. Overall gain is trimmed by adjusting 
RiN. The AD648's low input offset voltage, low drift over tem- 
perature, and excellent dynamics make it an attractive low power 
output buffer. 

The input offset voltage of the AD648 output amplifier results 
in an output error voltage. This error voltage equals the input 
offset voltage of the op amp times the noise gain of the amplifier. 



That is: 



Vos Output = Vos Input (l +|^) 



Rfb is the feedback resistor for the op amp, which is internal to 
the DAC. Ro is the DAC's R-2R ladder output resistance. The 
value of Ro is code dependent. This has the effect of changing 
the offset error voltage at the amplifier's output. An output 
amplifier with a sub millivolt input offset voltage is needed to 
preserve the linearity of the DAC's transfer function. 
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The AD648 in this configuration provides a 700kHz small signal 
bandwidth and 1.8V/|jls typical slew rate. The 33pF capacitor 
across the feedback resistor optimizes the circuit's response. 
The oscilloscope photos in Figures 26a and 26b show small and 



large signal outputs of the circuit in Figure 24. Upper traces 
show the input signal Vik* Lower traces are the resulting output 
voltage with the DAC*s digital input set to all Ts. The circuit 
settles to ±0.01% for a 20V input step in Hjjls. 



1 




Figure 26a. Response to ±20V p-p Reference Square 
Wave 



Figure 26b. Response to ± lOOmV p-p Reference Square 
Wave 



DUAL PHOTODIODE PREAMP 

The performance of the dual photodiode preamp shown in 
Figure 27 is enhanced by the AD648's low input current, input 
voltage offset, and offset voltage drift. Each photodiode sources 
a current proportional to the incident light power on its surface. 
Rp converts the photodiode current to an output voltage equal 
toRpXls. 

An error budget illustrating the importance of low amplifier 
input current, voltage offset, and offset voltage drift to minimize 
output voltage errors can be developed by considering the equi- 
valent circuit for the small (0.2mm^ area) photodiode shown in 
Figure 27. The input current results in an error proportional to 
the feedback resistance used. The amplifier's offset will produce 



an error proportional to the preamp's noise gain (1 + Rf/Rsh)> 
where Rsh is the photodiode shunt resistance. The amplifier's 
input current will double with every lOX rise in temperature 
and the photodiode's shunt resistance halves with every 10**C 
rise. The error budget in Figiure 28 assimies a room temperature 
photodiode Rsh of SOOMH, and the maximimi input current 
and input offset voltage specs of an AD648C. 

The capacitance at the amplifier's negative input (the sum of the 
photodiode's shunt capacitance, the op amp's differential input 
capacitance, stray capacitance due to wiring, etc.) will cause a 
rise in the preamp's noise gain over frequency. This can result 
in excess noise over the bandwidth of interest. Cp reduces the 
noise gain "peaking" at the expense of signal bandwidth. 




T 
I 



CsH > Rsh 
20pF f BOOMSl 



PHOTO DIODE 
EQUIVALENT CIRCUIT 




OUT - "F 'S 



Figure 27. A Dual Pfiotodiode Pre-Amp 
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TEMP 


RSH 

ma) 


Vos 

(»iLV) 


(1+Rf/Rsh)Vos 


Ib 
(pA) 


IbRf 


TOTAL 


-25 


15,970 


150 


15VV 


0.30 


30jjlV 


18 VV 





2,830 


225 


233fjLV 


2.26 


262)jiV 


495»jiV 


+ 25 


500 


300 


360jjlV 


10.00 


1.0m V 


1.36mV 


+ 50 


88.5 


375 


800tJiV 


56.6 


5.6mV 


6.40mV 


+ 75 


15.6 


450 


3.33mV 


320 


32mV 


35.3mV 


+ 85 


7.8 


480 


6.63mV 


640 


64mV 


70.6mV 



Figure 28. Photodiode Pre-Amp Errors Over Temperature 



INSTRUMENTATION AMPLIHER 

The AD648J's maximum input current of 20pA per amplifier 
makes it an excellent building block for the high input impedance 
instrumentation amplifier shown in Figure 29. Total current 
drain for this circuit is imder 600(xA. This configuration is 
optimal for conditioning differential voltages from high impedance 
sources. 

The overall gain of the circuit is controlled by Rg, resulting in 
the following transfer function: 



Vqut 



1 + 



(R3 + R4) 

Rg 



Gains of 1 to 100 can be accommodated with gain nonlinearities 
of less than 0.01%. The maximum input current is 30pA over 
the common-mode range, with a common-mode impedance of 
over 1 X lO^^n. The capacitors CI, C2, C3 and C4 compensate 
for peaking in the gain over frequency which is caused by input 
capacitance. 

To calibrate this circuit, first adjust trimmer Rl for common-mode 
rejection with + 10 volts dc applied to the input pins. Next, 
adjust R2 for zero offset at Vqut with both inputs groimded. 
Trim the circuit a second time for optimal performance. 

The - 3dB small signal bandwidth for this low power in- 
strumentation amplifier is 700kHz for a gain of 1 and lOkHz for 
a gain of 100. The typical output slew rate is 1.8V/|xs. 




RTO OFFSET 
TRIM 



NOTE VALUES FOR ALL CAPACITORS WERE CHOSEN 
FOR BEST RESPONSE FOR GAINS OF 1 TO 5. 
THEY ARE NOT REQUIRED FOR GAINS ABOVE 5. 



Figure 29. Low Power Instrumentation Amplifier 
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LOG RATIO AMPLIFIER 

Log ratio amplifiers are useful for a variety of signal conditioning 
applications, such as linearizing exponential transducer outputs 
and compressing analog signals having a wide dynamic range. 
The AD648*s picoamp level input current and low input offset 
voltage make it a good choice for the front-end amplifier of the 
log ratio circuit shown in Figiure 30. This circuit produces an 
output voltage equal to the log base 10 of the ratio of the input 
currents Ii and I2. Resistive inputs Rl and R2 are provided for 
voltage inputs. 

Input currents Ii and I2 set the collector currents of Ql and Q2, 
a matched pair of logging transistors. Voltages at points A and 
B are developed according to the following familiar diode 
equation: 

VBE = (kT/q)hi(Ic/lEs) 

In this equation, k is Boltzmann's constant, T is absolute tem- 
perature, q is an electron charge, and Ies is the reverse saturation 
current of the logging transistors. The difference of these two 
voltages is taken by the subtractor section and scaled by a factor 
of approximately 16 by resistors R9, RIO, and R8. Temperature 



compensation is provided by resistors R8 and R15, which have 
a positive 3500 ppm/°C temperature coefficient. The transfer 
function for the output voltage is: 

VoUT==lVlogio(l2/Il) 

Frequency compensation is provided byRll,R12,Cl, and C2. 
Small signal bandwidth is approximately 300kHz at input currents 
above 100^,A and will proportionally decrease with lower signal 
levels. Dl, D2, R13, and R14 compensate for the effects of the 
two logging transistors' ohmic emitter resistance. 

To trim this circuit, set the two input currents to IOjjlA and 
adjust VouT to zero by adjusting the potentiometer on A3. 
Then set I2 to l|xA and adjust the scale factor such that the 
output voltage is IV by trimming potentiometer RIO. Offset 
adjustment for Al and A2 is provided to increase the accuracy 
of the voltage inputs. 

This circuit ensures a 1% log conformance error over an input 
current range of 300pA to 1mA, with low level accuracy limited 
by the AD648's input current. The low level input voltage 
accuracy of this circuit is limited by the input offset voltage and 
drift of the AD648. 



FOR EACH AMPLIFIER 



'I'N D~ 



R1 
10k 
V1IN 0-\W-<H 




R2 
10k 
V2IN O-^VNA/— r 



200k 

A2 

Vos ADJUST 



Dl, D4 1N4148 DIODES 
*R8, R15 Ik +3500 ppm/X TO RESISTOR 
TEL LAB Q81 OR PRECISION RESISTOR PT146 
ALL OTHER RESISTORS ARE 1% METAL FILM 



Figure 30. Precision Log Ratio Amplifier 
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ANALOG 
DEVICES 



Ultralow-Drift Op Amp 




FEATURES 

Very High dc Precision 

15(jiV max Offset Voltage 

O.VV/X max Offset Voltage Drift 

0.35|jiV p-p max Voltage Noise (0.1Hz to 10Hz) 

8 V/^V min Open-Loop Gain 

130dB min CMRR 

120dB min PSRR 

InA max Input Bias Current 

AC Performance 

0.3V/»jis Slew Rate 

0.9MHz Closed Loop-Bandwidth 



PRODUCT DESCRIPTION 

The AD707 is a low-cost, high precision op amp with state-of-the- 
art performance that makes it ideal for a wide range of precision 
applications. The offset voltage spec of less than 15|jlV is the 
best available in a bipolar op amp, and maximum input offset 
current is l.OnA. The top grade is the first bipolar monolithii^ 
op amp to offer a maximum offset voltage drift of 0, 1|jlV/-^|6,, 
and offset current drift and input bias current drift, at# Wth . 
specified at 25pA/°C maximum. ;;;, s;;. , „ 

The AD707's open-loop gain is 8V/|xV miniiiiuflfi-,/^^er the Mi 
± lOV output range when driving t Ikfi lor^; Maxipium, input 
voltage noise is 350nVp-p (O.lHz to lOH:^). CMRIt and PSRR 
are 130dB and 120dB minimurit respectively . 

The AD707 is available in versions speciflecl over iiommerciarlj 
industrial and mihtary temperature ranges. It is offered in S-pki 
plastic mini- DIP, small outline, hermetic cerdip and hermetic 
TO-99 metal can packages. Chips and Mil Standard/883 parts 
are also available. 



AD707 CONNECTION DIAGRAMS 



rn 




^ 






TO-99 (H) 




"^>>N. V Package 


U 


J^ (T) OUTPUT 




>^D707 / 


Gl (J) 


^-^-«..0-^^ NC 


-V, , ^ ^ 


NC = NO CONNECT ^^^^ jj 




s] NULL 


Plastic (N), '"' 1^ 


- 


X.^ 


T] +Vs 


and Cerdip (Q) +'n K 


- 


p^ 


6 1 OUTPUT 


Packages -VsH" 


AD707 


UNO 






NC 


= NO CONNECT 


cx: 


1 « ::,n wn 


r-r 




^^\^ 


bo +vs Small Outline 


n- 




+y^ 


Z3ZD OUTPUT (R) Package 


H 


4 AD707 5 


LIZJ NC 




NC = 


NO CONNECT 





AMPLICATION HIGHLIGHTS 

1. The 4D707's 13V/|jlV typical open-loop gain and 140dB 

- typii^at'idcimmon-mode rejection ratio make it ideal for precision 
insti^iimentation applications. 

2. The precision of the AD707 makes tighter error budgets 
possible at a lower cost. 

3. The low offset voltage drift and low noise of the AD707 
allow the designer to amplify very small signals without 
sacrificing overall system performance. 

4. The AD707 can be used where chopper amplifiers are required, 
but without the inherent noise and application problems. 

5. The AD707 is an improved pin-for-pin replacement for the 
OP-07, OP-77 and the LTIOOI. 
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SPECIFICATIONS, 



+ 25°C and ± 15V dc, unless otherwise noted) 







AD707J/A 




AD707K/B/S 


AD707C/T 








Conditions 


Min Typ 


Max 


Min Typ Max 


Min Typ 


Max 


Units 


INPUT OFFSET VOLTAGE 
















Iniiial 




30 


90 


10 25 


5 


15 


^.v 


vs Temperature 




0.3 


1 6 


0.1 0.3 


0.03 


0.1 


|xV/°C 




T„„n-T^3, 


50 


100 


15 45 


7/8/8 


25 


^.v 


Long-Term Stability 




0.3 




03 


0.2 




IxV/month 


Adjustment Range 


R,> 20kll 


±4 




±4 


±4 




mV 


INPUT BIAS CURRENT 




1 


2.5 


5 1.5 


05 


1.0 


nA 




Tm,n-T„,ax 


2.0 


40 


1 5 3.0 


1.0 


2.0 


nA 


Average Drift 




15 


40 


15 25/25/35 


10 


25 


pA/°C 


OFFSET CURRENT 


V(.M ov 


0.5 


2.0 


3 1.5 


0.1 


1.0 


nA 




Tm,n-Tn,ax 


2.0 


4.0 


1 2.0 


0.2 


1.5 


nA 


Average Drift 




2 


40 


1 25/25/35 


1 


25 


pA/"C 


INPUT VOLTAGE NOISE 


1 to lOHz 


0.23 


0.6 


0.23 0.6 


23 


0.35 


M-Vp-p_ 




f lOHz 


10 3 


15 


103 14 


10 3 


13 


nV/VHz 




f lOOHz 


10.0 


130 


10.6 12 


10.0 


11 


nV/VHz 




f IkHz 


96 


11 


96 11 


96 


11 


nV/VHz 


INPUT CURRENT NOISE 


IHztolOHz 


14 


35 


14 ,, |30 


14 


30 


pAp-p 




f - lOHz 


32 


09 


g,^ ''"hto 8 


32 


0.8 


pA/VHz 




f - lOOHz 


14 


27 


v::6'i;^, ■%23 


14 


23 


pA/VHz 




f- IkHz 


12 


18 


<■".,,, '-^^n''': 0.17 


12 


17 


pA/VHz 


COMMON-MODE 








./; "^ '"«*;*'■ _ iti»fi_ 








REJECTION RATIO 


VcM- ±13V 


120 140 




;..,?f30"!.v" 140 1; 


130 140 




dB 




Tn^.ntoT^ax 


120 140 




1 A 'iV- •f,"/i* 


130 140 




dB 


OPEN-LOOP GAIN 


Vo ±10V 


„ ■■■,',„('■■■ 














Ri oAD^2ka 


3 fe ■"";", 




"% ''■,. ^;'i3^ 


8 13 




V/fxV 




TmmtoT^ax 


3 ■■?.;,■„ 13v, ";■■ 




;;,^"v"^;.yf/--13 


8 13 




V/(xV 




Rl.OAD^lkll 


.;3 ,;, ^' .p" 




■■,■.„$'••.> 13 


8 13 




V/fjiV 


POWER SUPPLY 




"'/,'. . ■ ■■'", 




i'''k 








REJECTION RATIO 


Vs - ± 3V,to ± J8V 


.I'lo ' m'' '■■" 




IW i.;.\mi 


120 130 




dB 




T„,.nt0Tte,^' 


110 ■ ,130 ;-. 




ill/"„, ;;;"130 


120 130 




dB 


FREQUENCY RESPONSE 




,,..;^ vr;-^",, '■■■'" 




';%,,_ ■'■'■■ 








Closed-Loop Bandwidth 




'#,5 ';','.'■ "0 9 




" '(^:^ 0.9 


05 09 




MHz 


Slew Rate 




0'!§ ' 3 




0.15 0.3 


15 0.3 




V/fxs 


INPUT RESISTANCE 
















Differential 




24 100 




45 200 


60 200 




Mil 


Common Mode 




200 




300 


400 




Gil 


OUTPUT CHARACTERISTICS 
















Voltage 


RlOAD^lOkn 


13.5 14 




13.5 14 


13.5 14 




±V 




Rl OADS2kn 


12.5 13.0 




12.5 13 


12.5 13.0 




±V 




RlOAD^rlkil 


12.0 12.5 




12.0 12 5 


12.0 12.5 




±v 




Ri oAn^2kii 
















T„„ntoTn,ax 


12 13.0 




12.0 13.0 


12.0 13.0 




±v 


OPEN-LOOP OUTPUT 
















Resistance 




60 




60 


60 




n 


POWER SUPPLY 
















Current, Quiescent 




2.5 


3 


2.5 3 


2.5 


3 


mA 


Power Consumption 


Vs=±15V, 
















No Load 


70 


90 


70 90 


70 


90 


mW 




Vs = ± 3V 


7.2 


9.0 


7 2 9.0 


72 


9.0 


riiW 


TEMPERATURE RANGE 
















Operating, Rated Performance 
















Commercial 


Oto +70°C 


AD707JN,AD707JR 


AD707KN,AD707KR' 








Industrial 


- 40°C to + 85°C 


AD707AQ,AD707AH 


AD707BQ, AD707BH 


AD707CQ,AD707CH 




Military 


-55°Cto + 125°C 






AD707SQ,AD707SH 


AD707TQ,AD707TH 




PACKAGE OPTIONS^ 
















Plastic (N-8) 




AD707JN 




AD707KN 








Cerdip(Q-8) 




AD707AQ 




AD707BQ/SQ 


AD707CQ/TQ 






TO-99(H-08A) 




AD707AH 




AD707BH/SH 


AD707CH/TH 






SOIC(R-8) 




AD707JR 




AD707KR 









NOTES 

' AD707KR parts are production tested at + 25°C only All Tm.n to Tmax specifications are guaranteed but not 100% tested. 

^See Section 16 for package outline information 

All min and max specifications are guaranteed Specifications m boldface are tested on all production umts at final electrical test. 

Results from those tests are used to calculate outgoing quality levels 

Specifications are sub)ect to change without notice 
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ANALjOG 
DEVICES 



Dual Ultralow Drift 
Op Amp 




FEATURES 

Very High dc Precision 

SOfjiV max Offset Voltage 

0.3ijlV/X max Offset Voltage Drift 

0.35)jlV p-p max Voltage Noise (0.1 to 10Hz) 

8 Million VA^ min Open Loop Gain 

130dB min CMRR 

120dB min PSRR 

Matching Characteristics 
SOfjiV max Offset Voltage Match 
0.3fjLV/°C max Offset Voltage Drift Match 
140dB min CMRR Match 

AC PERFORMANCE 
0.3V/tJis Slew Rate 
0.9MHz Closed-Loop Bandwidth 
Single: AD707 

Available in 8-Pin Plastic Mini-DIPs and Hermetic 
Cerdip and TO-99 Metal Can Packages 



AD708 CONNECTION DIAGRAMS 



Plastic DIP (N) Package 

and 

Cerdip (Q) Package 




TO-8 (H) Pac^aie 



I '!„ '"V,, 






'W'^^'S 



PRODUCT DESCRIPTION 

The AD708 is a dual precision, low offset vqj^tagte and lo# offset,, 
voltage drift, monolithic operational am^lil|ir,^,E£Ki(2l;i;, amplifier, ,*|f ■ 

individually offers excellent dc preci^l^ii%id'i|iU itriportant'dp^^i^^ 
specifications show excellent st&U0^, Iffr'leriiperatui^e. Tl^ 
offset voltage drift match of 0.3|i^C Md offset vplt^e Aatch 
of 30fjLV are the best available matching s,|i*i^ifictlioQS for any 
dual bipolar op amp. 

The AD708 sets a new standard for dual precision op amps )^ 
providing 8V/|xV min open loop gain and guaranteed max input 
voltage noise of 350nV p-p. Input bias current is l.OnA max 
guaranteed. Offset current drift is typically lpA/°C and input 
bias current drift is 25pA/°C max. Both CMRR (IBOdB min) 
and PSRR (120dB min) are an order of magnitude improved 
over any available single monolithic op amp except the AD707. 

The AD708 is available in six performance grades. The AD708J 
and AD708K are rated over the commercial temperature range 
of to + 70°C and are available in plastic mini-DIP, cerdip, and 
TO-99 packages. The AD708A and AD708B are rated over the 
industrial temperature range of — 40°C to + 85°C and are available 
in cerdip and TO-99 packages. The AD708S and AD708T are 
rated over the military temperature range of — 55°C to + 125°C 
and are available in cerdip and TO-99 packages. Military versions 
are available processed to MIL-STD-883B, Rev. C. 



t. '4.. 

f'k Mi;- 

SS' "■'■ 




,;:0 



1% 



'%:,. 
4'^' 



NOTE PIN 4 CONNECTED TO CASE 



Ji^pPtlCATION HIGHLIGHTS 

:i L The AD708's 13V/|xV typical open loop gain and 140dB 
common-mode rejection make it ideal for precision in- 
strumentation applications. 

2. The combination of outstanding matching and individual 
specfications makes the AD708 ideal for constructing high 
gain, precision instrumentation amplifiers. 

3. The low offset voltage drift and noise of the AD708 allows 
the designer to amplify very small signals without sacrificing 
overall system preformance. 

4. Unmounted dice are available for hybrid circuit applications. 

5. The AD708 is an improved replacement for the OP-207 and 
the LT1002. 
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SPECIFICATIONS, 



+ 25°C and ± 15V dc, unless otherwise noted) 



Model 




AD708J/A/S 


AD708K/B/T 






Conditions 


Min Typ Max 


Min Typ 


Max 


Units 


INPUT OFFSET VOLTAGE 




30 100 


5 


30 


ii\ 




T™n-Tn,ax 


50 125/145/170 


15 


60 


|xV 


Drift 




0.3 0.7 


0.1 


0.3 


|xV/°C 


Long-Term Stability 




0.3 


0.3 




IxV/month 


INPUT BIAS CURRENT 




1.0 2.5 


0.5 


1.0 


nA 




Tnun-Tn.ax 


2.0 4.0 


1.0 


2.0 


nA 


Average Drift 




15 40 


10 


25 


pA/°C 


OFFSET CURRENT 


VcM = OV 


0.5 2.0 


0.1 


1.0 


nA 




T™n-T„,ax 


2.0 4.0 


0.2 


1.5 


nA 


Average Drift 




2' 60 


1 


25 


pA/°C 


MATCHING CHARACTERISTICS 












Offset Voltage 




80 




30 


liW 




Tmin-Tmax 


180 




60 


M-V 


Offset Voltage Drift 




1.0 




0.3 


|xV/°C 


Input Bias Current 




4.0 




2.0 


nA 




Tmin-Tmax 


5.0 




5.0 


nA 


Common-Mode Rejection 




120 150 


140 150 




dB 




Tmin-Tmax 


115 


130 




dB 


Power Supply Rejection 




110 


120 „(. 




dB 




t^n-T^ax 


110 


m'' 




dB 


Channel Separation 




130 4 


V*i 




dB 


INPUT VOLTAGE NOISE 


O.ltolOHz 


0.23 0.6 ^K '% 


0H^,._ 0.23 


0.35 


jjiVp-p 




f = lOHz 


10-3 m.. 1%: 


1? " 10.3 


12 


nV/VHi 




f = lOOHz 


10.0 ,^,^4% y^^'^^' 


10.0 


11.0 


nV/VHz 




f = IkHz 


.'iM:^?i."'^H^^'^' '' 


^, 4 ..9.6 


11.0 


nV/VHz 


INPUT CURRENT NOISE 


O.lHztolOHz 


..ft?, ^ii. % '%5 ,..?!., 


f% '=S# 14 


30 


pAp-p 




f = lOHz 
f = lOOHz 


^■-i^" 0.32 
*' 0.14 


0.8 
0.23 


pA/V^ 
pA/VH^ 




f=lkHz ■;■'''' \ 

■ 'iV I'l ■' 


'ii"' ' oj^w^^„%%, '•' '" 


0.12 


0.17 


pA/VH^ 


COMMON-MODE 












Rejection Ratio 


, .Vcm4±i'W'^'' ' 


1^30 140 
130 140 




dB 




''Tp,intO:tmax"' 




dB 




',-'.r ' „ 'V, 


,j^, '%,,,:\^. ii0siy. 'M^^ K. 








OPEN LOOP GAIN 


Vo-±10V '■■;■' 












RLOAD^2kfl } 


■y^^ .,^vt%, 'y''~'^ 


8 13 




V/jiV 




TnuntoT„,ax " 'I 


3 %3t^^ ^> 


8 13 




V/m-V 




RLOAD^lkft 


3 W' 


8 13 




V/jjiV 


POWER SUPPLY 












Rejection Ratio 


Vs=4-3Vto4-18V 


110 130 


120 130 




dB 




TmintoTmax 


110 130 


120 130 




dB 


FREQUENCY RESPONSE 












Closed Loop Bandwidth 




0.5 0.9 


0.5 0.9 




MHz 


Slew Rate 




0.15 0.3 


0.15 0.3 




V/jis 


INPUT RESISTANCE 












Differential 




20 60 


50 200 




Mn 


Common Mode 




200 


400 




Ga 


OUTPUT VOLTAGE 


RLOAD^lOkO 


13.5 14 


13.5 14 




±v 




RLOAD^2ka 


12.5 13.0 


12.5 13.0 




±v 




Rload— Ikfl 


12.0 12.5 


12.0 12.5 




±v 




RLOAD^2kn 












TnuntoTn^ax 


12.0 13.0 


12.0 13.0 




±v 


OPEN LOOP OUTPUT 












Resistance 




60 


60 




11 


POWER SUPPLY 












Current, Quiescent 




4.5 5.5 


4.5 


5.5 


mA 


Power Consumption 


Vs=±15V, 












No Load 


135 165 


135 


165 


mW 




Vs=±3V 


12 18 


12 


18 


mW 


Operating Range 




±3 ±22 


±3 


±22 


V 


PACKAGE OPTIONS^ 












Plastic (N-8) 




AD708JN 


AD708KN 






Cerdip(Q-8) 




AD708JQ/AQ/SQ 


AD708KQ/BQ/TQ 




TO-99(H-08A) 




AD708JH/AH/SH 


AD708KH/BH/TH 





NOTE 

' See Section 1 6 for package outline information 
Specifications subject to change without notice 



AH mm and max specifications are guaranteed. Specifications in boldface are tested on 
all production units at final electrical test. Results from those tests are used to calculate 
outgoing quality levels. 
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ANALOG 
DEVICES 



Precision Low-Cost 
Higti-Speed BiFET Op Amp 



AD711 



FEATURES 

AC PERFORMANCE: 

Settles to ±0.01% in ^s 

16V/JJLS min Slew Rate {AD711J) 

3MHz min Unity Gain Bandwidth (AD711J) 
DC PERFORMANCE: 

0.25mV max Offset Voltage: (AD711C) 

3jjiV/°C max Drift: {AD711C) 

200V/mV min Open-Loop Gain (AD711K) 

4»jlV p-p max Noise, 0.1Hz to 10Hz (AD711C) 
Available in Plastic Mini-DIP, Plastic SO, Hermetic 

Cerdip, and Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 
Dual Version Available: AD712 



AD711 CONNECTION DIAGRAMS 



TO-99 
(H) Package 



OFFSET NULL 




Plastic Mini-DIP (N) 

Small Outline (R) 

and 

Cerdip (Q) Packages 

OFFSET NULL VT T] NC 



-E 



3c 



NOTE PIN 4 CONNECTED TO CASE 



^^^-© 



PRODUCT DESCRIPTION 

The AD711 is a high-speed, precision monolithic operational 
amplifier offering high performance at very modest prices. Its 
very low offset voltage and offset voltage drift are the results of 
advanced laser wafer trimming technology. These performance 
benefits allow the user to easily upgrade existing designs that 
use older precision BiFETs and, in many cases, bipolar op 
amps. 

The superior ac and dc performance of this op amp makes it 
suitable for active filter applications. With a slew rate of 16V/|jls 
and a settling time of Ijjls to ±0.01%, the AD711 is ideal as a 
buffer for 12-bit D/A and A/D Converters and as a high-speed 
integrator. The settling time is unmatched by any similar IC 
amplifier. 

The combination of excellent noise performance and low input 
current also make the AD711 useful for photo diode preamps. 
Common-mode rejection of 88dB and open loop gain of 400V/mV 
ensure 12-bit performance even in high-speed unity gain buffer 
circuits. 

The AD711 is pinned out in a standard op amp configuration 
and is available in seven performance grades. The AD711J and 
AD711K are rated over the commercial temperature range of 
to +70°C. The AD711A, AD711B and AD711C are rated over 
the industrial temperature range of -40°C to +85°C. The 
AD711S and AD711T are rated over the military temperature 
range of -55°C to + 125°C and are available processed to MIL- 
STD-883B, Rev. C. 



Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes 168-hour burn-in, as well as other environmental and 
physical tests. 

The AD711 is available in an 8-pin plastic mini-DIP, 8-pin 
small outline, cerdip, or TO-99 metal can. 

PRODUCT HIGHLIGHTS 

1. The AD711 offers excellent overall performance at very 
competitive prices. 

2. Analog Devices' advanced processing technology and with 
100% testing guarantees a low input offset voltage (0.25mV 
max, C grade, 2mV max, J grade). Input offset voltage is 
specified in the warmed-up condition. Analog Devices' laser 
wafer drift trimming process reduces input offset voltage 
drifts to 3|jlV/°C max on the AD711C. 

3. Along with precision dc performance, the AD711 offers 
excellent dynamic response. It settles to ±0.01% in 1|jls and 
has a 100% tested minimum slew rate of 16V/|xs. Thus this 
device is ideal for applications such as DAG and ADC buffers 
which require a combination of superior ac and dc 
performance. 

4. The AD711 has a guaranteed and tested maximum voltage 
noise of 4|jlV p-p, 0.1 to lOHz (AD711C). 

5. Analog Devices' well-matched, ion-implanted JFETs ensure 

a guaranteed input bias current (at either input) of 25pA max 
(AD71 IC) and an input offset current of lOpA max (AD71 IC). 
Both input bias current and input offset current are guaranteed 
in the warmed-up condition. 

6. Available in chip form. 
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orcuinuHiii 


jnO (@ + 25n: and Vs = ± 15V dc. unless otherwise noted) 










Model 




AD711J/A/S 




AD711K/B/T 




AD711C 








Min 


Typ Max 


Min 


Typ Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE' 


















Initial Offset 




0.3 2/1/1 




0.2 0.5 




0.1 


0.25 


mV 


TmjntoTmax 




3/2/2 




1.0 






0.45 


mV 


VS. Temp. 




7 20/20/20 




5 10 




2 


3 


txwrc 


vs. Supply 


76 


95 


80 


100 


86 


110 




dB 


vs. Supply, T™„ to Tmax 


76/76/76 




80 




86 






dB 


Long Term Offset Stability 




15 




15 




15 




(xV/month 


INPUT BIAS CURRENT^ 


















Either Input, VcM=^0 




15 50 




15 50 




15 


25 


pA 


Either Input at Tmaxj 




1.1/3.2/51 




1.1/3.2/51 






1.6 


nA 


VcM = 0(70''C/85°C/125°C) 


















Either Input, VcM = + lOV 




20 100 




20 100 




20 


50 


pA 


OffsetCurrent,VcM = 




10 25 




5 25 




5 


10 


pA 


Offset Current at Tmax 


















(70°C/85°C/125°C) 




0.57/1.6/26 




0.57/1.6/26 






0.65 


nA 


FREQUENCY RESPONSE 


















Unity Gain, Small Signal 


3.0 


4 


3.4 


4 


3.4 


4 




MHz 


Full Power Response 




200 




200 




200 




kHz 


Slew Rate, Unity Gain 


16 


20 


18 


20 


18 


20 




V/jxs 


Settling Time to 0.01%^ 




1 1.2 




1 1 2 




1 


1 2 


M-S 


Total Harmonic Distoruon 


















f = IkHz 


















RL^2kn,Vo = 3VRMS 




0.0003 




0003 




0003 




% 


INPUT IMPEDANCE 


















Differential 




3xlO'2||5.5 




3xlO'^||5.5 




3xlO'^||5 5 




"llpF 


Common-Mode 




3xl0'2||5.5 




3xlO'^||5.5 




3xlO'^||5 5 




niipF 


INPUT VOLTAGE RANGE 


















Differenual'* 




±20 




±20 




±20 




V 


Common-Mode Voltage 




+ 14.5,-11.5 




+ 14.5,-11 5 




+ 14.5, 115 






Over Max Operating Range^ 


-Vs + 4V 


+ Vs-2V 


-Vs + 4V +Vs-2V 


-Vs + 4V 




+ Vs-2V 


V 


Common-Mode Rejection Ratio 


















VcM-±10V 


76 


88 


80 


88 


86 


94 




dB 


TnuntoTn^ax 


76/76/76 


84 


80 


84 


86 


90 




dB 


VcM=±llV 


70 


84 


76 


84 


76 


90 




dB 


Tm,ntoT„,ax 


70/70/70 


80 


74 


80 


74 


84 




dB 


INPUT VOLTAGE NOISE 


















Voltage O.lHz to lOHz 




2 




2 




2 


4.0 


jiVp-p 


f = lOHz 




45 




45 




45 




nV/VHz 


f = lOOHz 




22 




22 




22 




nV/VHz 


f- IkHz 




18 




18 




18 




nV/VHz 


f = lOkHz 




16 




16 




16 




nV/V^Hz 


INPUT CURRENT NOISE 


















f = IkHz 




0.01 




0.01 




001 




pA/VH^ 


OPEN LOOP GAIN^ 


















Vo=±10V,RL^2kn 


150 


400 


200 


400 


200 


400 




V/mV 


Vo=±10V,RL&2kn, 


















TmintoTmax 


100/100/100 




100 




100 






V/mV 


OUTPUT CHARACTERISTICS 


















Voltage C"^RLs2kn 


+ 13,-12.5 


+ 13.9,-13.3 


+ 13,- 


-12.5 +13.9,-13 3 


+ 13,-12.5 +13.9, -13 3 




V 


Voltage ^RLs2kft, 


















T^ntoT^ax 


±12/±12/± 


12 +13.8,-13 1 


±12 


+ 13.8,-13.1 


±12 


+ 13 8, 13.1 




V 


Short-Circuit Current 




25 




25 




25 




mA 


POWER SUPPLY 


















Rated Performance 




±15 




±15 




±15 




V 


Operatmg Range 


±4.5 


±18 


±4.5 


±18 


±4.5 




±18 


V 


Quiescent Current 




2.5 3.4 




2 5 3.0 




2 5 


2.8 


mA 


TEMPERATURE RANGE 


















Operating, Rated Performance 


















Commercial (0 to + 70°C) 




AD711J 




AD711K 










Industrial (-40°C to +85°C) 




AD711A 




AD711B 




AD711C 






Military(-55°Cto + 125°C) 




AD711S 




AD711T 










PACKAGE OPTIONS^ 


















Plastic (N-8) 




AD711JN 




AD711KN 










SOIC(R-8) 




AD711JR 




AD711KR 










Cerdip(Q-8) 




AD711AQ,AD711SQ 




AD711BQ,AD711TQ 




AD711CQ 






TO-99(H-08A) 




AD711AH,AD711SH 




AD711BH,AD711TH 




AD711CH 
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NOTES 

'input offset voltage specifications are guaranteed after 5 minutes of 

operation at Ta = + ZS'C 
^Bias current specifications are guaranteed maximum at either input after 

5 minutes of operation at Ta = + 25°C.For higher temperature, the 

current doubles every 10°C. 
'Refer to Figure 29. 
"•Defined as voltage between inputs, such that neither exceeds ± lOV 

from ground. 
^Typically exceedmg - 14.1V negative common-mode voltage on either 

input results in an output phase reversal 

*Open Loop Gain is specified with Vqs both nulled and annulled. 
^See Section 16 for package outline information 
Specifications subject to change without notice. 

Specifications m boldface are tested on all production units at final electrical 
test. Results from those tests arc used to calculate outgoing quality levels 
All min and max specifications are guaranteed, although only those shown m 
boldface are tested on all production umts. 



METALIZATION PHOTOGRAPH 

Dimensions in inches and (mm) . 



OFFSET NULL 




ABSOLUTE MAXIMUM RATINGS^ 



Supply Voltage ± 18V 

Internal Power Dissipation 500mW 

Input Voltage^ ± 18V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage + Vs and - Vs 

Storage Temperature Range Q, H -65°C to + 150°C 

Storage Temperature Range N -65°Cto + 125°C 

Operating Temperature Range 

AD711J/K to +70°C 

AD711A/B/C -40°Cto +85°C 



AD711S/T -55°Cto + 125°C 

Lead Temperature Range (Soldering 60 seconds) .... 300°C 

NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

^For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 
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Typical Characteristics 
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Figure 1. Input Voltage Swing 
vs. Supply Voltage 



Figure 2. Output Voltage Swing 
vs. Supply Voltage 



Figure 3. Output Voltage Swing 
vs. Resistive Load 
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SUPPLY VOLTAGE - 



20 40 60 80 100 120 140 
TEMPERATURE - °C 



100k 
FREQUENCY - Hz 



Figure 4. Quiescent Current vs. 
Supply Voltage 



Figure 5. Input Bias Current vs. 
Temperature 



Figure 6. Magnitude of Output 
Impedance vs. Frequency 
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COMMON MODE VOLTAGE - VOLTS 
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AMBIENT TEMPERATURE - °C 
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Figure 7. Input Bias Current vs. 
Common Mode Voltage 



Figure 8. Short Circuit Current 
Limit vs. Temperature 



Figure 9. Unity Gain Bandwidth 
vs. Temperature 
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Typical Characteristics 
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FREQUENCY - Hz 



SUPPLY VOLTAGE ± VOLTS 
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Figure 10. Open Loop Gain and Phase 
vs. Frequency 



Figure 1 1. Open Loop Gain vs. 
Supply Voltage 



Figure 12. Power Supply 
Rejection vs. Frequency 
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Figure 13. Common Mode 
Rejection vs. Frequency 



Figure 14. Large Signal 
Frequency Response 



Figure 15. Output Swing and 
Error vs. Settling Time 
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Figure 16. Total Harmonic 
Distortion vs. Frequency 



Figure 17. Input Noise Voltage 
Spectral Density 



Figure 18. Slew Rate vs. Input 
Error Signal 
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1-40-20 20 40 60 80 100 120 140 
TEMPERATURE - X 



Figure 19. Slew Rate vs. Temperature 




lOOpF 



Figure 20. T.H.D. Test Circuit 





Figure 21. Offset Null Configurations 
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Figure 22a. Unity Gain Follower 



Figure 22b. Unity Gain Follower 
Pulse Response (Large Signal) 



Figure 22c. Unity Gain Follower 
Pulse Response (Small Signal) 
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Figure 23a. Unity Gain Inverter 



Figure 23b. Unity Gain Inverter 
Pulse Response (Large Signal) 



Figure 23c. Unity Gain Inverter 
Pulse Response (Small Signal) 



2-112 OPERATIONAL AMPLIFIERS 



OPTIMIZING SETTLING TIME 

Most bipolar high-speed D/A converters have curent outputs; 
therefore, for most applications, an external op amp is required 
for current-to-voltage conversion. The settling time of the con- 
vener/op amp combination depends on the settling time of the 
DAC and output amplifier. A good approximation is: 

ts Total = V(t, DAC)2 + (t, AMP)2 

The settling time of an op amp DAC buffer will vary with the 
noise gain of the circuit, the DAC output capacitance, and with 
the amount of external compensation capacitance across the 
DAC output scaling resistor. 

Setthng time for a bipolar DAC is typically 100 to 500ns. Previ- 
ously, conventional op amps have required much longer settling 
times than have typical state-of-the-art DACs; therefore, the 
ampUfier settling time has been the major limitation to a high-speed 
voltage-output D-to-A function. The introduction of the AD711/ 
712 family of op amps with their l|xs (to ±0.01% of final value) 
settling time now permits the full high-speed capabilities of 
most modem DACs to be realized. 



In addition to a significant improvement in settling time, the 
low offset voltage, low offset voltage drift, and high open-loop 
gain of the AD711 family assures 12-bit accuracy over the full 
operating temperature range. 

The excellent high-speed performance of the AD711 is shown in 
the oscilloscope photos of Figure 25. Measurements were taken 
using a low input capacitance ampUfier connected directly to the 
summing junction of the AD711 - both photos show the worst 
case situation: a full-scale input transition. The DAC*s 4kn 
[10kft||8kft = 4.4kft] output impedence together with a lOkH 
feedback resistor produce an op amp noise gain of 3.25. The 
ciurent output from the DAC produces a lOV step at the op 
amp output (0 to - lOV Figure 25a, - lOV to OV Figure 25b.) 

Therefore, with an ideal op amp, settling to ± 1/2LSB (±0.01%) 
requires that 375 jxV or less appears at the sunmiing junction. 
This means that the error between the input and output (that 
voltage which appears at the AD711 summing junction) must be 
less than 375 puV. As shown in Figure 25, the total settling time 
for the AD711/AD565 combination is 1.2 microseconds. 



1»iF 



BIPOLAR 
OFFSET ADJUST 




OUTPUT 
-10V TO +10V 



Figure 24. ± 10V Voltage Output Bipolar DAC 
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a. (Full-Scale Negative Transition) b. (Full-Scale Positive Transition) 

Figure 25. Settling Characteristics for AD71 1 with AD565A 



OPERATIONAL AMPLIFIERS 2-113 



OP AMP SETTLING TIME - A MATHEMATICAL 
MODEL 

The design of the AD711 gives careful attention to optimizing 
individual circuit components; in addition, a careful tradeoff 
was made: the gain bandwidth product (4MHz) and slew rate 
(20V/jjLs) were chosen to be high enough to provide very fast 
settling time but not too high to cause a significant reduction in 
phase margin (and therefore stability). Thus designed, the AD711 
settles to ±0.01%, with a lOV output step, in under 1|jls, while 
retaining the ability to drive a 250pF load capacitance when 
operating as a unity gain follower. 

If an op amp is modeled as an ideal integrator with a unity gain 
crossover frequency of a)o/2iT, Equation 1 will accurately describe 
the small signal behavior of the circuit of Figure 26a, consisting 
of an op amp connected as an I-to-V converter at the output of 
a bipolar or CMOS DAC. This equation would completely 
describe the output of the system if not for the op amp's finite 
slew rate and other nonlinear effects. 

Equation 1. 



R(Cf + Cx) , 



W^ 



s +1 



where y^ = op amp's unity gain frequency 



Gn = "noise" gain of circuit 1 + 



This equation may then be solved for Cf: 
Equation 2. 



Rq) 



Cf = 



-Gn ^ 2VRCxO)o + (1-Gn) 
Ro),, Ra)„ 



In these equations, capacitor Cx is the total capacitance appearing 
at the inverting terminal of the op amp. When modeling a DAC 
buffer apphcation, the Norton equivalent circuit of Figure 26a 
can be used directly; capacitance Cx is the total capacitance of 
the output of the DAC plus the input capacitance of the op amp 
(since the two are in parallel) 




When Ro and Iq are replaced with their Thevenin Wi^ and Rjn 
equivalents, the general purpose inverting amplifier of Figure 
26b is created. Note that when using this general model, capaci- 
tance Cx is EITHER the input capacitance of the op amp if a 
simple inverting op amp is being simulated OR it is the combined 
capacitance of the DAC output and the op amp input if the 
DAC buffer is being modeled. 




Figure 26b. Simplified Model of the AD71 1 Used as an 
Inverter 

In either case, the capacitance Cx causes the system to go from 
a one-pole to a two-pole response; this additional pole increases 
settling time by introducing peaking or ringing in the op amp 
output. Since the value of Cx can be estimated with reasonable 
accuracy, Equation 2 can be used to choose a small capacitor, 
Cf, to cancel the input pole and optimize amplifier response. 
Figure 27 is a graphical solution of Equation 2 for the AD711 
with R = 4kn. 
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Figure 27. Value of Capacitor Cp vs. Value of Cx 



Figure 26a. Simplified Model of the AD71 1 Used as a 
Current-Out DAC Buffer 
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The photos of Figures 28a and 28b show the dynamic response 
of the AD71 1 in the settling test circuit of Figure 29. 

The input of the settling time fixture is driven by a flat-top 
pulse generator. The error signal output from the false sununing 
node of Al is clamped, amplified by A2 and then clamped 
again. The error signal is thus clamped twice: once to prevent 



overloading amplifier A2 and then a second time to avoid over- 
loading the oscilloscope preamp. The Tektronix oscilloscope 
preamp type 7A26 was carefully chosen because it does not 
overload with these input levels. Amplifier A2 needs to be a 
very high speed FET-input op amp; it provides a gain of 10, 
amplifying the error signal output of Al. 
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Figure 28a. Settling Characteristics to + 10V Step 
Upper Trace: Output of AD711 Under Test (5V/Div) 
Lower Trace: Amplified Error Voltage (0.01%/Div) 



Figure 28b. Settling Characteristics to - 10V Step 
Upper Trace: Output ofADJII Under Test (5V/Div) 
Lower Trace: Amplified Error Voltage (0.01%/Div) 
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Figure 29. Settling Time Test Circuit 



GUARDING 

The low input bias current (15pA) and low noise characteristics 
of the AD711 BiFET op amp make it suitable for electrometer 
applications such as photo diode preampUfiers and picoampere 
current-to- voltage converters. The use of a guarding technique 
such as that shown in Figure 30, in printed circuit board layout 
and construction is critical to minimize leakage currents. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should not 
be extended for any xmnecessary length on the printed circuit 
board. 




Plastic DIP (N) Package 

and 

Cerdip(Q) Package) 



4 






i*a 



Figure 30. Board Layout for Guarding Inputs 
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D/A CONVERTER APPLICATIONS 

The AD711 is an excellent output amplifier for CMOS DACs. 
It can be used to perform both 2 quadrant and 4 quadrant operation. 
The output impedance of a DAC using an inverted R-2R ladder 
approaches R for codes containing many 1 s, 3R for codes containing 
a single 1 , and for codes containing all zero, the output impedance 
is infinite. 

For example, the output resistance of the AD7545 will modulate 
between llkll and 33kn. Therefore, with the DACs internal 
feedback resistance of llkli, the noise gain will vary from 2 to 
4/3. This changing noise gain modulates the effect of the input 
offset voltage of the amplifier, resulting in nonlinear DAC- 
amplifier performance. 

The AD711K with guaranteed 500|xV offset voltage minimizes 
this effect to achieve 12-bit performance. 

Figures 31 and 32 show the AD711 and AD7545 (12-bit CMOS 
DAC) configured for unipolar binary (2-quadrant multiplication) 
or bipolar (4-quadrant multiplication) operation. Capacitor CI 
provides phase compensation to reduce overshoot and ringing. 



Figures 33a and 33b show the settling time characteristics of the 
AD711 when used as a DAC output buffer for the AD7545. 






fSSi 


■ 


■ 


^— — 1 




I 


1 




! 


■ 








1 




1 


^■^E^^^hI 



a. Full-Scale Positive Transition 
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Figure 31. Unipolar Binary Operation 




Figure 32. Bipolar Operation 

Rl and R2 calibrate the zero offset and gain error of the DAC. 
Specific values for these resistors depend upon the grade of 
AD7545 and are shown below. 



b. Full-Scale Negative Transition 
Figure 33. Settling Characteristics for AD71 1 with AD7545 

NOISE CHARACTERISTICS 

The random nature of noise, particularly in the I/F region, 
makes it difficult to specify in practical terms. At the same . 
time, designers of precision instrumentation require certain 
guaranteed maximum noise levels to realize the full accuracy of 
their equipment. 

The AD711C grade is specified at a maximum level of 4.0fjLV 
p-p, in a 0.1 to lOHz bandwidth. Each AD711C receives a 
100% noise test for two 10-second intervals; devices with any 
excursion in excess of 4.0|jlV are rejected. The screened lot is 
then submitted to Quality Control for verification on an AQL 
basis. 

All other grades of the AD711 are sample-tested on an AQL 
basis to a limit of 6|jlV p-p, 0. 1 to lOHz. 



TRIM 
RESISTOR 


JN/AQ/SD 


KN/BQ/TD 


LN/CQ/UD 


GLN/GCQ/GUD 


Rl 
R2 


soon 

150ft 


200ft 
68ft 


100ft 
33ft 


20ft 
6.8ft 



Table I. Recommended Trim Resistor Values vs. Grades 
of the AD7545 for Vdd= -f-5V 
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DRIVING THE ANALOG INPUT OF AN A/D 
CONVERTER 

An op amp driving the analog input of an A/D converter, such 
as that shown in Figure 34, must be capable of maintaining a 
constant output voltage under dynamically changing load condi- 
tions. In successive-approximation converters, the mput current 
IS compared to a series of switched trial currents. The comparison 
point is diode clamped but may deviate several hundred millivolts 
resulting in high frequency modulation of A/D input current. 
The output impedance of a feedback amplifier is made artificially 
low by the loop gain. At high frequencies, where the loop gain 
is low, the amplifier output impedance can approach its open 
loop value. Most IC amplifiers exhibit a minimum open loop 
output impedance of 25n due to current limiting resistors. A 
few hundred microamps reflected from the change in converter 




ANALOG COM 



Figure 34. AD711 as ADC Unity Gain Buffer 




smytmmiH aoonx 



a. Source Current = 2mA 




b. Sink Current = 1mA 
Figure 35. ADC Input Unity Gain Buffer Recovery Times 



loading can introduce errors in instantaneous input voltage. If 
the A/D conversion speed is not excessive and the bandwidth of 
the amplifier is sufficient, the amplifier's output will return to 
the nominal value before the converter makes its comparison. 
However, many amplifiers have relatively narrow bandwidth 
yielding slow recovery from output transients. The AD711 is 
ideally suited to drive high speed A/D converters since it offers 
both wide bandwidth and high open-loop gain. 

DRIVING A LARGE CAPACITIVE LOAD 

The circuit in Figure 36 employs a 100(1 isolation resistor which 
enables the amplifier to drive capacitive loads exceeding ISOOpF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the amplifier summing junction via the low pass 
filter formed by the 10011 series resistor and the load capacitance, 
Ci . Figure 37 shows a typical transient response for this 
connection. 



% 




TYPICAL CAPACITANCE 
LIMIT FOR VARIOUS 
LOAD RESISTORS 

Rl ClUPTO 

2kil ISOOpF 

lOkll ISOOpF 

20kil lOOOpF 



Figure 36. Circuit for Driving a Large Capacitive Load 




Figure 37. Transient Response Rl = 21(0, Cl. =500pF 

ACTIVE FILTER APPLICATIONS 

In active filter applications using op amps, the dc accuracy of 
the amphfier is critical to optimal filter performance. The am- 
plifier's offset voltage and bias current contribute to output 
error. Offset voltage will be passed by the filter and may be 
amplified to produce excessive output offset. For low frequency 
applications requiring large value input resistors, bias currents 
flowing through these resistors will also generate an offset 
voltage. 

In addition, at higher frequencies, an op amp's dynamics must 
be carefully considered. Here, slew rate, bandwidth, and open-loop 
gain play a major role in op amp selection. The slew rate must 
be fast as well as symmetrical to minimize distortion. The am- 
plifier's bandwidth in conjunction with the filter's gain will 
dictate the frequency response of the filter. 

The use of a high performance amplifier such as the AD71 1 will 
minimize both dc and ac errors in all active filter applications. 
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SECOND ORDER LOW PASS FILTER 

Figure 38 depicts the AD711 configured as a second order But- 
terworth low pass filter. With the values as shown, the comer 
frequency will be 20kHz; however, the wide bandwidth of the 
AD711 permits a comer frequency as high as several hundred 
kilohertz. Equations for component selection are shown below. 

Rl = R2 = user selected (typical values: lOkH - lOOkH) 



CI = 



1.414 



C2 = 



0.707 



(2^) (fcutoff) (Rl) ^^ (2Tr) (fcutoff) (Rl) 
Where CI and C2 are in farads. 




An important property of filters is their out-of-band rejection. 
The simple 20kHz low pass filter shown in Figure 38, might be 
used to condition a signal contaminated with clock pulses or 
sampling gUtches which have considerable energy content at 
high frequencies. 

The low output impedance and high bandwidth of the AD711 
minimize high frequency feedthrough as shown in Figure 39. 

The upper trace is that of another low cost BiFET op amp 
showing 17dB more feedthrough at 5MHz. 




Figure 38. Second Order Low Pass Filter 



Figure 39. 



9 POLE CHEBYCHEV FILTER 

Figure 40 shows the AD711 and its dual counterpart, the AD712, 
as a 9 pole Chebychev filter using active frequency dependent 
negative resistors (FDNR). With a cutoff frequency of 50kHz 
and better than 90dB rejection, it may be used as an anti-aliasing 
filter for a 12-bit Data Acquisition System with lOOkHz 
throughput. 

As shown in Figure 40, the filter is comprised of four FDNRs 



(A, B, C, D) having values of 4.9395 x 10-^5 ^nd 5.9276 x 10" »5 
farad-seconds. Each FDNR active network provides a two-pole 
response; for a total of 8 poles. The 9th pole consists of a 0.001|jlF 
capacitor and a 124kn resistor at Pin 3 of amplifier A2. Figure 
41 depicts the circuits for each FDNR with the proper selection 
of R. To achieve optimal performance, the 0.001 (xF capacitors 
must be selected for 1% or better matching and all resistors 
should have 1% or better tolerance. 
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Figure 40. 9 Pole Chebychev Filter 
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Figure 41. FDNR for 9 Pole Chebychev Filter 




Figure 42. High Frequency Response for 9 Pole Chebychev 
Filter 
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ANALXX3 
DEVICES 



Dual Precision 
Higii-Speed BiFET Op Amp 




FEATURES 

AC PERFORMANCE: 

Settles to ±0.01% in Ijjls 

16V/»jis min Slew Rate (AD712J) 

3MHz min Unity Gain Bandwidth (AD712J) 
DC PERFORMANCE: 

O.SOmV max Offset Voltage: (AD712C) 

5»jlV/X max Drift: (AD712C) 

200V/mV min Open Loop Gain (AD712K) 

4»jiV p-p max Noise, 0.1Hz to 10Hz (AD712C) 
Available in Plastic, Hermetic Cerdip, and Hermetic 

Metal Can Packages 
MIL-STD-883B Parts Available 



PRODUCT DESCRIPTION 

The AD712 is a high-speed, precision monolithic operational 
amplifier offering high performance at very modest prices. Its 
very low offset voltage and offset voltage drift are results of 
advanced laser wafer trimming technology. These performance 
benefits allow the user to easily upgrade existing designs that 
use older precision BiFETs and, in many cases, bipolar op 
amps. 

The superior ac and dc performance of this op amp makes it 
suitable for active filter applications. With a slew rate of 16V/ |xs 
and a settling time of I^jls to ±0.01%, the AD712 is ideal as a 
buffer for 12-bit D/A and A/D Converters and as a high-speed 
integrator. The settling time is unmatched by any similar IC 
amplifier. 

The combination of excellent noise performance and low input 
current also make the AD712 useful for photo diode preamps. 
Common-mode rejection of 88dB and open loop gain of 400V/mV 
ensure 12-bit performance even in high-speed unity gain buffer 
circuits. 

The AD712 is pinned out in a standard op amp configuration 
and is available in seven performance grades. The AD712J and 
AD712K are rated over the commercial temperature range of 
to +70°C. The AD712A, AD712B and AD712C are rated over 
the industrial temperature range of -40°C to +85°C. The 
AD712S and AD712T are rated over the military temperature 
range of — 55°C to + 125"C and are available processed to MIL- 
STD-883B, Rev. C. 

Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes 168-hour burn-in, as well as other environmental and 
physical tests. 

The AD712 is available in an 8-pin plastic mini-DIP, cerdip, or 
TO-99 metal can. 



AD712 FUNCTIONAL BLOCK DIAGRAM 

TO-99 

(H) Package 




NON INVERTING f 3 



Plastic Mini-DIP (N) Package 

and 

Cerdip (Q) Package 



OUTPUT [T - 



^^AA^3ou. 



^3 



AMPLIFIER 2 



PRODUCT HIGHLIGHTS 

1. The AD712 offers excellent overall performance at very 
competitive prices. 

2. Analog Devices' advanced processing technology and with 
100% testing guarantees a low input offset voltage (0.3mV 
max, C grade, 3m V max, J grade). Input offset voltage is 
specified in the warmed-up condition. Analog Devices' laser 
wafer drift trimming process reduces input offset voltage 
drifts to 5fxV/°C max on the AD712C. 

3. Along with precision dc performance, the AD712 offers 
excellent dynamic response. It settles to ±0.01% in l/xs and 
has a 100% tested minimum slew rate of 16V/|jls. Thus this 
device is ideal for applications such as DAC and ADC buffers 
which require a combination of superior ac and dc 
performance. 

4. The AD712 has a guaranteed and tested maximum voltage 
noise of 4|jlV p-p, 0.1 to lOHz (AD712C). 

5. Analog Devices' well-matched, ion-implanted JFETs ensure 

a guaranteed input bias current (at either input) of 50pA max 
(AD712C) and an input offset current of lOpA max (AD712C). 
Both input bias current and input offset current are guaranteed 
in the warmed-up condition. 

6. Available in chip form. 
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SPECIFICATIO 


INb (@ + 2bi;andVs= ±15Vcic, unless othenvise noted) 










Model 




AD712J/A/S 


AD712K/B/T 




AD712C 








Min 


Typ Max 


Min Typ Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE' 
















Initial Offset 




0.3 3/1/1 


0.2 1/0.7/0.7 




0.1 


0.30 


mV 


TmjutoTmax 




4/2/2 


2/1.5/1.5 






0.60 


mV 


VS. Temp. 




7 20/20/20 


7 10 




3 


5 


jiV/°C 


vs. Supply 


76 


95 


80 100 


86 


110 




dB 


vs. Supply, Tmin to Tmax 


76/76/76 




80 


86 






dB 


Long-Term Offset Stability 




15 


15 




15 




tiV/month 


INPUT BIAS CURRENT^ 
















Either Input, VcM = 




25 75 


20 75 




20 


50 


pA 


Either Input at Tmax. 
















VcM = 0(70°C/85°C/125°C) 




0.6/1.6/26 1.7/4.8/77 


0.5/1.3/20 1.7/4.8/77 




1.3 


3.2 


nA 


Either Input, VcM= + lOV 




100 


100 






75 


pA 


OffsetCurrent,VcM = 




10 25 


5 25 




5 


10 


pA 


Offset Current at Tmax 




« 












(70°C/85°C/125°C) 




0.3/0.7/11 6/1.6/26 


0.1/0.3/5 0.6/1.6/26 




0.3 


0.7 


nA 


MATCHING CHARACTERISTICS^ 
















Input Offset Voltege 




3/1/1 


1/0.7/0.7 






0.3 


mV 


Input Offset Voltage Tm,„ to Tmax 




4/2/2 


2/1.5/1.5 






0.6 


mV 


Input Offset Voltage vs. Temp 




20/20/20 


10 






5 


M.V/°C 


Input Bias Current 




25 


25 






10 


pA 


Crosstalk Vi- IkHz 




120 


120 




120 




dB 


^ lOOkHz 




90 


90 




90 




dB 


FREQUENCY RESPONSE 
















Unity Gain, Small Signal 


3.0 


4 


3.4 4 


3.4 


4 




MHz 


Full Power Response 




200 


200 




200 




kHz 


Slew Rate, Unity Gain 


16 


20 


18 20 


18 


20 




V/^s 


SettlmgTimetoO.01%5 




1 1.2 


1 1.2 




1 


1.2 


^s 


Total Harmonic Distortion 
















f = IkHz, RL^Zkn, Vo = 3V rms 




0.0003 


0.0003 




0.0003 




% 


INPUT IMPEDANCE 
















Differential 




3xl0'2||5.5 


3xl0'2||5.5 




3xl0'2||5.5 




ftllpF 


Common Mode 




3xlO'2j|5.5 


3xl0'2||5,5 




3xl0'2 115.5 




niipF 


INPUT VOLTAGE RANGE 
















Differennal** 




±20 


±20 




±20 




V 


Common-Mode Voltage 
















Over Max Operating Range^ 


-Vs + 4V 


+ 14.5,-11.5 +Vs-2V 


-Vs + 4V +14.5,-11.5 +Vs-2V 


-Vs + 4V 


+ 14.5,-11.5 + 


Vs-2V 


V 


Common-Mode Rejection Ratio 
















VcM=±10V 


76 


88 


80 88 


86 


94 




dB 


TminloTmax 


76/76/76 


84 


80 84 


86 


90 




dB 


VcM=±llV 


70 


84 


76 84 


76 


90 




dB 


TmintoTmax 


70/70/70 


80 


74 80 


74 


84 




dB 


INPUT VOLTAGE NOISE 
















Voltage O.lHz to lOHz 




2 


2 




2 


4 


M-Vp-P 


f = lOHz 




45 


45 




45 




nV/VHi 


f = lOOHz 




22 


22 




22 




nV/Vffa 


f = IkHz 




18 


18 




18 




nV/\^ 


f = lOkHz 




16 


16 




16 




nV/\^ 


INPUT CURRENT NOISE 
















f = IkHz 




0.01 


0.01 




0.01 




pA/VHz 


OPEN LOOP GAIN 
















Vo=±10V,RLs2kft 


150 


400 


200 400 


200 


400 




V/mV 


Tnunt0Tmax,RL^2kn 


100/100/100 




100 


100 






V/mV 


OUTPUT CHARACTERISTICS 
















Voltage ^»^RL2=2kn 


+ 13,-12.5 


+ 13.9,-13.3 


+ 13,-12.5 +13.9,-13.3 


+ 13,- 


-12.5 +13.9,-13.3 




V 


Tm,„toTmax 


±12, ±12, ±12 +13.8,-13.1 


±12 +13.8,-13.1 


±12 


+ 13.8,-13. 




V 


Short Circuit Current 




25 


25 




25 




mA 


POWER SUPPLY 
















Rated Performance 




±15 


±15 




±15 




V 


Operatmg Range 


±4.5 


±18 


±4.5 ±18 


, ±4.5 




±18 


V 


Quiescent Current, 
















Both Amphfiers 




5 6.8 


5 6.0 




5 


5.6 


mA 


TEMPERATURE RANGE 
















Operating, Rated Performance 
















Commercial (0 to + 70°C) 




AD712J 


AD712K 










Industrial (-40°C to +85°C) 




AD712A 


AD712B 




AD712C 






MUitary(-55°Cto + 125°C) 




AD712S 


AD712T 










PACKAGE OPTIONS* 
















Plastic (N-8) 




AD712JN 


AD712KN 










Cerdip(Q-8) 




AD712AQ,AD712SQ 


AD712BQ,AD712TQ 




AD712CQ 






TO-99(H-08A) 




AD712AH,AD712SH 


AD712BH,AD712TH 




AD712CH 
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NOTES 

'input Offset Voltage specifications are guaranteed after 5 nunutes of operation at Ta= +25°C. 
^Bias Current specifications are guaranteed maximum at either input after 5 mmutes of operation at Ta = + 25°C. 
For higher temperature, the current doubles every 10°C 
^Matching is defined as the difference between parameters of the two amphfers 
*Refer to Figure 2 1 
'Refer to Figure 29 

^Defined as voltage between inputs, such that neither exceeds ± lOV from ground. 

'Typically exceeding — 14.1V negative common-mode voltage on either input results m an output phase reversal 
^See Section 16 for package outline information. 
Specifications subiect to change without notice 

Specifications in boldface are tested on all production umts at final electrical test Results from those tests are used to 
calculate outgoing quahty levels. All min and max specifications are guaranteed, although only those shown in boldface 
are tested on all production units. 



ABSOLUTE MAXIMUM RATINGS' 

Supply Voltage ±18V 

Internal Power Dissipation 500mW 

Input Voltage^ ± 18V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage + Vs and - Vs 

Storage Temperature Range Q, H -65°C to + 150°C 

Storage Temperature Range N -65°Cto + 125°C 

Operating Temperature Range 

AD712J/K to +70°C 

AD712A/B/C -40°C to +85°C 

AD712S/T -55Xto + 125°C 

Lead Temperature Range (Soldering 60 seconds) .... 300°C 

NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

^For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 
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Typical Characteristics 
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Figure 1. Input Voltage Swing 
vs. Supply Voltage 



SUPPLY VOLTAGE ± VOLTS 

Figure 2. Output Voltage Swing 
vs. Supply Voltage 



LOAD RESISTANCE - OHMS 

Figure 3. Output Voltage Swing 
vs. Resistive Load 
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SUPPLY VOLTAGE- ± VOLTS 

Figure 4. Quiescent Current vs. 
Supply Voltage 
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TEMPERATURE - °C 

Figure 5. Input Bias Current vs. 
Temperature 
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Figure 6. Magnitude of Output 
Impedance vs. Frequency 
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COMMON MODE VOLTAGE - VOLTS 

Figure 7. Input Bias Current vs. 
Common Mode Voltage 
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Figure 8. Short Circuit Current 
Limit vs. Temperature 
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Figure 9. Unity Gain Bandwidth 
vs. Temperature 



2-122 OPERATIONAL AMPLIFIERS 



Typical Characteristics 
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Figure 10. Open Loop Gain and 
Phase vs. Frequency 



SUPPLY VOLTAGE ± VOLTS 

Figure 1 1. Open Loop Gain vs. 
Supply Voltage 
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Figure 12. Power Supply 
Rejection vs. Frequency 
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Figure 13. Common Mode 
Rejection vs. Frequency 
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Figure 14. Large Signal 
Frequency Response 
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Figure 15. Output Swing and 
Error vs. Settling Time 
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Figure 16. Total Harmonic 
Distortion vs. Frequency 
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Figure 17. Input Noise Voltage 
Spectral Density 
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Figure 18. Slew Rate vs. Input 
Error Signal 
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Figure 19. Stew Rate vs. 
Temperature 




Figure 20. T.H.D. Test Circuit 
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Figure 21. Crosstallc Test Circuit 




Figure 22a. Unity Gain Follower 
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Figure 22b. Unity Gain Follower 
Pulse Response (Large Signal) 



Figure 22c. Unity Gain Follower 
Pulse Response (Small Signal) 
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Figure 23a. Unity Gain Inverter 
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Figure 23b. Unity Gain Inverter 
Pulse Response (Large Signal) 



Figure 23c. Unity Gain Inverter 
Pulse Response (Small Signal) 
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OPTIMIZING SETTLING TIME 

Most bipolar high-speed D/A converters have curent outputs; 
therefore, for most applications, an external op-amp is required 
for current-to-voltage conversion. The settling time of the con- 
verter/op-amp combination depends on the settling time of the 
DAC and output amplifier. A good approximation is: 

ts Total = V(ts DAC)2 + {t, AMP)2 

The settling time of an op amp DAC buffer will vary with the 
noise gain of the circuit, the DAC output capacitance, and with 
the amount of external compensation capacitance across the 
DAC output scaling resistor. 

Settling time for a bipolar DAC is typically 100 to 500ns. Previ- 
ously, conventional op-amps have required much longer settling 
times than have typical state-of-the-art DACs; therefore, the 
amplifier settling time has been the major limitation to a high-speed 
voltage-output D-to-A function. The introduction of the AD711/ 
712 family of op amps with their 1|jls (to ±0.01% of final value) 
settling time now permits the full high-speed capabilities of 
most modem DACs to be realized. 



In addition to a significant improvement in settling time, the 
low offset voltage, low offset voltage drift, and high open-loop 
gain of the AD711/AD712 family assures 12-bit accuracy over 
the full operating temperature range. 

The excellent high-speed performance of the AD712 is shown in 
the oscilloscope photos of Figure 25. Measurements were taken 
using a low input capacitance amplifier connected directly to the 
summing junction of the AD712 - both photos show the worst 
case situation: a full-scale input transition. The DACs 4kn 
[10kn||8kn=4.4kn] output impedance together with a lOkH 
feedback resistor produce an op-amp noise gain of 3.25. The 
current output from the DAC produces a lOV step at the op-amp 
output (0 to - lOV Figure 25a, - lOV to OV Figure 25b.) 

Therefore, with an ideal op-amp, settling to ± 1/2LSB (±0.01%) 
requires that 375 (xV or less appears at the sunmiing junction. 
This means that the error between the input and output (that 
voltage which appears at the AD712 summing junction) must be 
less than 375|xV. As shown in Figure 25, the total settling time 
for the AD712/AD565 combination is 1.2 microseconds. 
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Figure 24. ± 10V Voltage Output Bipolar DAC 
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a. (Full-Scale Negative Transition) b. (Full-Scale Positive Transition) 

Figure 25. Settling Characteristics for AD712 with AD565A 
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OP-AMP SETTLING TIME - A MATHEMATICAL 
MODEL 

The design of the AD712 gives careful attention to optimizing 
individual circuit components; in addition, a careful tradeoff 
was made: the gain bandwidth product (4MHz) and slew rate 
(20V/jjLs) were chosen to be high enough to provide very fast 
settling time but not too high to cause a significant reduction in 
phase margin (and therefore stabiUty). Thus designed, the AD712 
settles to ±0.01%, with a lOV output step, in under Ijxs, while 
retaining the ability to drive a 250pF load capacitance when 
operating as a unity gain follower. 

If an op-amp is modeled as an ideal integrator with a unity gain 
crossover frequency of 0)0/217, Equation 1 will accurately describe 
the small signal behavior of the circuit of Figure 26a, consisting 
of an op-amp connected as an I-to-V converter at the output of 
a bipolar or CMOS DAC. This equation would completely 
describe the output of the system if not for the op-amp's finite 
slew rate and other nonlinear effects. 

Equation 1. 



Wo Vtoo 7 



where : 



s +1 
op amp's unity gain frequency 



Gn = "noise" gain of circuit ( 1 4- ^- 1 

This equation may then be solved for Cf: 
Equation 2. 



2 - Gn 2VRCxc«)o + (l-G^) 



Ra)„ 



Ra>„ 



In these equations, capacitor Cx is the total capacitance appearing 
at the inverting terminal of the op-amp. When modeling a DAC 
buffer apphcation, the Norton equivalent circuit of Figure 26a 
can be used direcdy; capacitance Cx is the total capacitance of 
the output of the DAC plus the input capacitance of the op-amp 
(since the two are in parallel). 




When Ro and Iq are replaced with their Thevenin Vin and Rin 
equivalents, the general purpose inverting amplifier of Figure 
26b is created. Note that when using this general model, capaci- 
tance Cx is EITHER the input capacitance of the op-amp if a 
simple inverting op-amp is being simulated OR it is the combined 
capacitance of the DAC output and the op-amp input if the 
DAC buffer is being modeled. 




Figure 26b. Simplified Model of the AD712,Used as an 
Inverter 

In either case, the capacitance Cx causes the system to go from 
a one-pole to a two-pole response; this additional pole increases 
settling time by introducing peaking or ringing in the op-amp 
output. Since the value of Cx can be estimated with reasonable 
accuracy. Equation 2 can be used to choose a small capacitor, 
Cfj to cancel the input pole and optimize amplifier response. 
Figure 27 is a graphical solution of Equation 2 for the AD712 
with R = 4kn. 
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Figure 27. Value of Capacitor Cf vs. Value of Cx 



Figure 26a. Simplified Model of the AD712 Used as a 
Current'Out DAC Buffer 
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The photos of Figures 28a and 28b show the dynamic response 
of the AD712 in the settling test circuit of Figure 29. 

The input of the settling time fixture is driven by a flat-top 
pulse generator. The error signal output from the false summing 
node of Al is clamped, amplified by A2 and then clamped 
again. The error signal is thus clamped twice: once to prevent 



overloading amplifier A2 and then a second time to avoid over- 
loading the oscilloscope preamp. The Tektronix oscilloscope 
preamp type 7A26 was carefully chosen because it does not 
overload with these input levels. Amplifier A2 needs to be a 
very high-speed, FET-input op amp; it provides a gain of 10, 
amplifying the error signal output of Al. 
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Figure 28a. Settling Characteristics to + 10V Step 
Upper Trace: Output ofAD712 Under Test (5V/Div) 
Lower Trace: Amplified Error Voltage (0.01%/Div) 
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Figure 28b. Settling Characteristics to - 10V Step 
Upper Trace: Output of AD712 Under Test (5V/Div) 
Lower Trace: Amplified Error Voltage (0.01%/Div) 




-15V +15V 

Figure 29. Settling Time Test Circuit 



GUARDING 

The low input bias current (15pA) and low noise characteristics 
of the AD712 BiFET op amp make it suitable for electrometer 
applications such as photo diode preampUfiers and picoampere 
current-to- voltage converters. The use of a guarding technique 
such as that shown in Figure 30, in printed circuit board layout 
and construction is critical to minimize leakage currents. The 
guard ring is connected to a low impedance potential at the 
same level as the inputs. High impedance signal lines should not 
be extended for any unnecessary length on the printed circuit 
board. 
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Figure 30. Board Layout for Guarding Inputs 
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D/A CONVERTER APPLICATIONS 

the AD712 is an excellent output amplifier for CMOS DACs. 
It can be used to perfonn both 2 quadrant and 4 quadrant operation. 
The output impedance of a DAC using an inverted R-2R ladder 
approaches R for codes containing many Is, 3R for codes containing 
a single 1, and for codes containing all zero, the output impedance 
is infinite. 

For example, the output resistance of the AD7545 will modulate 
between 1 IkH and 33kn. Therefore, with the DACs interfial 
feedback resistance of 1 IkH, the noise gain will vary from 2 to 
4/3. This changing noise gain modulates the effect of the input 
offset voltage of the amplifier, resulting in nonlinear DAC- 
amplifier performance. 

The AD712K with guaranteed 700jx,V offset voltage minimizes 
this effect to achieve 12-bit performance. 

Figures 31 and 32 show the AD712 and AD7545 (12-bit CMOS 
DAC) configured for unipolar binary (2 quadrant multipHcation) 
or bipolar (4 quadrant multiplication) operation. Capacitor CI 
provides phase compensation to reduce overshoot and ringing. 




•REFER TO TABLE I 



^::n 




•REFER TO TABLE 
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Figure 31. Unipolar Binary Operation 




TRIM 
RESISTOR 


JN/AQ/SD 


KN/BQ/TD 


LN/CQ/UD 


GLN/GCQ/GUD 


Rl 
R2 


soon 

150ft 


200ft 
68ft 


100ft 
33ft 


20ft 
6.8ft 



Table I. Recommended Trim Resistor Values vs. Grades 
of the AD7545 for Vqd =^+5V 

Figures 33a and 33b show the settling time characteristics of the 
AD712 when used as a DAC output buffer for the AD7545. 
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a. Full-Scale Positive Transition 
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Figure 32. Bipolar Operation 



b. Full-Scale Negative Transition 
Figure 33. Settling Characteristics forAD712 with AD7545 

NOISE CHARACTERISTICS 

The random nature of noise, particularly in the I/F region, 
makes it difficult to specify in practical terms. At the same 
time, designers of precision instrumentation require certain 
guaranteed maximum noise levels to realize the full accuracy of 
their equipment. 

The AD712C grade is specified at a maximum level of 4.0(xV 
p-p, in a 0.1 to lOHz bandwidth. Each AD712C receives a 
100% noise test for two 10-second intervals; devices with any 
excursion in excess of 4.0|xV are rejected. The screened lot is 
then submitted to Quality Control for verification on an AQL 
basis. 

All other grades of the AD712 are sample-tested on an AQL 
basis to a limit of 6|xV p-p, 0. 1 to lOHz. 



Rl and R2 calibrate the zero offset and gain error of the DAC. 
Specific values for these resistors depend upon the grade of 
AD7545 and are shown below. 
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DRIVING THE ANALOG INPUT OF AN A/D 
CONVERTER 

An op amp driving the analog input of an A/D converter, such 
as that shown in Figure 34, must be capable of maintaining a 
constant output voltage under dynamically-changing load condi- 
tions. In successive-approximation converters, the input current 
is compared to a series of switched trial currents. The comparison 
point is diode clamped but may deviate several hundred millivolts 
resulting in high frequency modulation of A/D input current. 
The output impedance of a feedback amplifier is made artificially 
low by the loop gain. At high frequencies, where the loop gain 
is low, the amplifier output impedance can approach its open 
loop value. Most IC amplifiers exhibit a minimum open loop 
output impedance of 250 due to current limiting resistors. A 
few hundred microamps reflected from the change in converter 




-15V ANALOG COM 

Figure 34. AD712 as ADC Unity Gain Buffer 
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a. Source Current = 2mA 




b. Sink Current = 1mA 
Figure 35. ADC Input Unity Gain Buffer Recovery Times 



loading can introduce errors in instantaneous input voltage. If 
the A/D conversion speed is not excessive and the bandwidth of 
the amplifier is sufficient, the amplifier's output will return to 
the nominal value before the converter makes its comparison. 
However, many amplifiers have relatively narrow bandwidth 
yielding slow recovery from output transients. The AD712 is 
ideally suited to drive high-speed A/D converters since it offers 
both wide bandwidth and high open-loop gain. 

DRIVING A LARGE CAPACITIVE LOAD 

The circuit in Figure 36 employs a 100ft isolation resistor which 
enables the amplifier to drive capacitive loads exceeding ISOOpF; 
the resistor effectively isolates the high frequency feedback from 
the load and stabilizes the circuit. Low frequency feedback is 
returned to the ampUfier smnming junction via the low pass 
filter formed by the lOOft series resistor and the load capacitance, 
Cl. Figure 37 shows a typical transient response for this 
connection. 
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Figure 36. Circuit for Driving a Large Capacitive Load 




Figure 37. Transient Response Rl = 2kn, Cl =500pF 

ACTIVE FILTER APPLICATIONS 

In active filter applications using op amps, the d.c. accuracy of 
the amplifier is critical to optimal filter performance. The am- 
plifier's offset voltage and bias current contribute to output 
error. Offset voltage will be passed by the filter and may be 
amplified to produce excessive output offset. For low frequency 
applications requiring large value input resistors, bias currents 
flowing through these resistors will also generate an offset 
voltage. 

In addition, at higher frequencies, an op-amp's dynamics must 
be carefully considered. Here, slew rate, bandwidth, and open-loop 
gain play a major role in op-amp selection. The slew rate must 
be fast as well as symmetrical to minimize distortion. The am- 
plifier's bandwidth in conjimction with the filter's gain will 
dictate the frequency response of the filter. 

The use of a high performance amplifier such as the AD712 will 
minimize both dc and ac errors in all active filter applications. 
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SECOND ORDER LOW PASS FILTER 

Figure 38 depicts the AD712 configured as a second order But- 
terworth low pass filter. With the values as shown, the corner 
frequency will be 20kHz; however, the wide bandwidth of the 
AD712 permits a corner frequency as high as several hundred 
kilohertz. Equations for component selection are shown below. 



Rl = R2 

CI (in farads) 



user selected (typical values: lOkH - lOOkft) 
1.414 ^-, 0.707 



(271) (fcutoff) (Rl) 



C2 = 



(2^) (fcutoff) (Rl) 



An important property of filters is their out-of-band rejection. 
The simple 20kHz low pass filter shown in Figure 38, might be 
used to condition a signal contaminated with clock pulses or 
sampling glitches which have considerable energy content at 
high frequencies. 

The low output impedance and high bandwidth of the AD712 
minimize high frequency feed through as shown in Figure 39. 

The upper trace is that of another low-cost BiFET op amp 
showing 17dB more feedthrough at 5MHz. 





Figure 38. Second Order Low Pass Filter 



Figure 39. 



9 POLE CHEBYCHEV FILTER 

Figure 40 shows the AD712 and its single counterpart, the 
AD711, as a 9 pole Chebychev filter using active frequency 
dependent negative resistors (FDNR). With a cutoff frequency 
of 50kHz and better than 90dB rejection, it may be used as an 
anti-aHasing filter for a 12-bit Data Acquisition System with 
lOOkHz throughput. 

As shown in Figure 40, the filter is comprised of four FDNRs 



(A, B, C, D) having values of 4.9395 x 10" ^^ and 5.9276 x 10-^5 
farad-seconds. Each FDNR active network provides a two-pole 
response; for a total of 8 poles. The 9th pole consists of a 0.00 IjxF 
capacitor and a 124kn resistor at Pin 3 of amplifier A2. Figure 
41 depicts the circuits for each FDNR with the proper selection 
of R. To achieve optimal performance, the 0.001 fxF capacitors 
must be selected for 1% or better matching and all resistors 
should have 1% or better tolerance. 
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Figure 40. 9 Pole Chebychev Filter 





Figure 41. FDNR for 9 Pole Chebychev Filter 



Figure 42. High Frequency Response for 9 Pole Chebychev 
Filter 
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ANALOG 
DEVICES 



Quad Precision 
Higli-Speed BiFET Op Amp 



AD713 



FEATURES 

AC PERFORMANCE 

Settles to ±0.01% in Ijjis 

16V/tJis min Slew Rate 

3MHz min Unity Gain Bandwidth 

DC PERFORMANCE 

0.25mV max Offset Voltage 

IOjjlV/X max Drift 

200V/mV min Open Loop Gain 

4|jiV p-p max Noise, 0.1Hz to 10Hz 

Single Version Available: AD711, Dual: AD712 

Available In Plastic and Hermetic Cerdip Packages 

MIL-STD-883B Parts Available 



PRODUCT DESCRIPTION 

The AD713 is comprised of four high-speed precision, FET 
input operational amplifiers on one monolithic die. The A] 
offers superior ac and dc performance in a low cost 
amp. These performance benefits allow the user^ 
existing designs that use older precision Bi^ 
allowing the cost and board space savi 

The combination of Analog De] 

nology, laser-wafer drift trimmin] 

JFETs provide outstanding dc pr^ision., 

(0.25mV, C Grade), input bias current lOO] 

input offset current (15pA, C Grade) are sped 

up condition and are 100% tested. In addition, the AD713 has a 

guaranteed and tested max voltage noise of 4|jlV p-p, 0.1 Hz to 

lOHz (AD713C). 

Along with dc precision, the AD713 offers exceptional dynamic 
response. It settles to 0.01% in Ifjis and has a 100% tested minimum 
slew rate of 18V/|jls (AD713B). 

The AD713 is pinned out in a standard quad op amp configuration 
and is available in seven performance grades. The AD713J and 
AD713K are rated over the commercial temperature range of 
to +70°C. The AD713A, AD713B and AD713C are rated over 
the industrial temperature range of -40°C to +85°C. The 
AD713S and AD713T are rated over the miUtary temperature 
range of - 55°C to + 125°C and are available processed to MIL- 
STD-883B, Rev. C. The AD713 is available in an 14-pin plastic 
DIP or 14-pin cerdip. 



AD713 FUNCTIONAL BLOCK DIAGRAM 

Plastic DIP (N) Package 

and 

Cerdip (Q) Package 



E 



iT] ( 




n" AD713 ^ -Vs 

I? I I "Tj OUTPUT 



eliability PLUS screening is available, specified over 
and industrial temperature ranges. PLUS screening 
hour burn-in, as well as other environmental and 



HIGHLIGHTS 

Active Filters : The superior ac and dc performance of this 
op amp make it well-suited for active filter applications. 

2. Buffers : With a slew rate of 16V/|jls and a settling time of 
l|xs to 0.01%, the AD713 is ideal as a buffer for A/D and 
quad D/A converters. 

3. Precision Data Acquisition Systems : Common-mode rejection 
of 88dB and open-loop gain of 400V/mV ensure 12-bit accuracy 
even in high-speed data acquisition circuits. 

4. Photodiode Preamps : The combination of excellent noise 
performance and low input current makes the AD713 useful 
as a photodiode preamp. 

5. The AD713 is an enchanced replacement for the TL074, 
LF414 and other quad op amps in applications where precision 
and demanding ac performance are essential. 
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SPECIFICATIONS 



+25'taiidVs= ±1SV(tc, unless othenmse noted) 



Model 




AD713J/A/S 






AD713K/B/T 






AD713C 








Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE' 






















Initial Offset 




0.3 


2.0 




0.25 


0.5 




01 


0.25 


mV 


T„,.ntoT„„ 






3.5/3.5/3.5 






1.5 






0.75 


mV 


vs. Temp 




16 


30/30/30 




12 


20 




5 


10 


KiV/T 


vs Supply 


76 


95 




80 


100 




86 


110 




dB 


vs. Supply, T„,„ to T^, 


76/76/76 






80 






86 






dB 


Long-Term Offset Stability 




15 






15 






15 




jiV/month 


INPUT BIAS CURRENT^ 






















Either Input, VcM = 




40 


ISO 




40 


150 




40 


100 


pA 


Either Input at T„„„ 






















VcM = 0(70°C/85°C/125°C) 






3 4/9 6/154 






3.4/9.6/154 






6.4 


nA 


Either Input, VcM = + lOV 




50 


200 




50 


200 




50 


150 


pA 


Offset Current, VcM = 




10 


35 




5 


35 




5 


15 


pA 


Offset Current at Tmax 






















(70°C/85°C/125°C) 






0.8/2 2/36 






8/2 2/36 






10 


nA 


MATCHING CHARACTERISTICS' 






















Input Offset Voltage 






1 






1/0 7/Q^ 






03 


mV 


Input Offset Voltage T^m to Tmax 






2 






^Wl 






06 


mV 


Input Offset Voltage vs Temp 






40 




./# 


#^€ 






15 


^V/°C 


Input Bias Current 






25 




€1 


m ♦'■ 






10 


pA 


Crosstalk ((( IkHz 




120 






^2f%fe % 


^i. 




120 




dB 


(a lOOkHz 




90 






#,90|%| 


1 




90 




dB 


FREQUENCY RESPONSE 










♦A r^ 












Unity Gam, Small Signal 


3.4 


4 




M% 


Mym^ M 




34 


4 




MHz 


Full Power Response 




200 




wJ 


li% * « 1 






200 




kHz 


Slew Rate, Unity Gain 


16 


20 


.* ■# 


Jwk 


% '■ 20, gm, i 




18 


20 




V/jxs 


Settling Time toO.01% 




1 


'■''%M 


lit 


fit #i 


r ^ ' 




1 


1.2 


M-S 


Total Harmonic Distortion 




1 1 


k ml 


^ *p 


%%%iJ' 












f=lkHz,Ri.>2kn,Vo = 3Vrms 




om^0^ ^ 


%>^ 


' ,M'/1 


^%'^ 






0003 




% 


INPUT IMPEDANCE 






V ^ 


^ ^% 


W^ ^K 












Differential 






^ mM^r 


km. 


S ^^J^'W 


fe, 




3xlO'^||5.5 




"llpF 


Common Mode 




^^^piW 


g^. 


w\ 


'^ ^#'^iil 


%. 




3xlO'^||5.5 




"ilpF 


INPUT VOLTAGE RANGE 




^ 4 


^..% J 




m, \ 5 












Differential* 




'^20^1 


l^>w 




W^r^ 






±20 




V 


Common-Mode Voltage 




M^lll 


%^' 


^% 


^^^14.5,-11.5 






+ 14 5, -11 5 




V 


Over Max Operating Range' 


-11 


C 


¥13 


%»1 


i f 


+ 13 


-11 




+ 13 


V 






▼ 




%J 


f 












VcM=±10V 


78 


88 




w 


88 




86 


94 




dB 


T™„toT„,« 


76/76/76 


84 




80 


84 




86 


90 




dB 


VcM=±nv 


72 


84 




78 


84 




80 


90 




dB 


TmintoTmax 


70/70/70 


80 




74 


80 




76 


84 




dB 


INPUT VOLTAGE NOISE 






















Voltage 0.1 Hz to lOHz 




2 






2 






2 


4 


ii.Vp-£_ 


f = lOHz 




45 






45 






45 




nV/VHz 


f = lOOHz 




22 






22 






22 




nV/VHz 


f = IkHz 




18 






18 






18 




nV/v'Hz 


f= lOkHz 




16 






16 






16 




nV/VHz 


INPUT CURRENT NOISE 






















f = IkHz 




01 






01 






0.01 




pA/VHz 


OPEN LOOP GAIN* 






















Vo= ±10V,Ri>2k(l 


150 


400 




200 


400 




200 


400 




V/mV 


TmmtoT„,„,R,>2kn 


100/100/100 






100 






150 






V/mV 


OUTPUT CHARACTERISTICS 






















Voltage(<«R, s2kn 


-H3,-12.5 


+ 13.9,-13 3 




+ 13, 


-12.5 +13.9,-13 3 




+ 13, 


-12.5 +13.9,-13 3 




V 


TmmloTmax 


±12/±12/±12 +13.8,-13 1 




±12 


+ 13.8,-13 1 




±12 


+ 13 8,-13 1 




V 


Short-Circuit Current 




25 






25 






25 




mA 


POWER SUPPLY 






















Rated Performance 




±15 






±15 






±15 




V 


Operating Range 


±4.5 




±18 


±4.5 




±18 


±4.5 




±18 


V 


Quiescent Current 




10 


13.5 




10.0 


12.0 




10 


11.2 


mA 


TEMPERATURE RANGE 






















Operating, Rated Performance 






















Commercial (0 to + 70°C) 




AD713J 






AD713K 












Industrial (-40°C to +85°C) 




AD713A 






AD713B 






AD713C 






Military (-55X to + 125X) 




AD713S 






AD713T 












PACKAGE OPTIONS' 






















Plastic (N-14) 




AD713JN 






AD713KN 












Cerdip(Q-14) 




AD713AQ,AD713SQ 




AD713BQ,AD713TQ 




AD713CQ 







NOTES 

'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = + 25°C 
'Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at Ta = +25°C 
For higher temperature, the current doubles every ICC 
^Matching is defined as the difference between parameters of the two amplifiers. 
■•Defined as voltage between inputs, such that neither exceeds ± lOV from ground 

''Typically exceedmg - 14 IV negative common-mode voltage on either input results in an output phase reversal 
^Open loop gain is specified with Vqs nulled and unnulled. 
'See Section 16 for package ouibne information. 
Specifications subiect to change without notice 

Specifications in boklface are tested on all production units at final electrical test. Results from those tests are used to 
calculate outgoing quality levels. All nun and max specifications are guaranteed, although only those shown m boldface 
are tested on all production units. 
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ANAIjOG 
DEVICES 



Low Cost 
High Accuracy IC Op Amps 



AD741 SERIES 



FEATURES 

Precision input Characteristics 
Low Vqs: O.SmV max (L) 
Low Vos Drift: 5iuV/°C max (L) 
Low lb: 50nA max (L) 
Low los- 5nA max (L) 
HighCMRR: 90dB min (K, L) 

High Output Capability 

Aol » 25,000 min, IkH load (J, S) 

Tmin to ^max 
Vo = ±10V min, Ikli load (J, S) 



GENERAL DESCRIPTION 

The Analog Devices AD741 series are high performance 
monolithic operational amplifiers. All the devices feature 
full short circuit protection and internal compensation. 

The Analog Devices AD741J.AD741K,AD741L and AD741S 
are specially tested and selected versions of the standard 
AD 741 operational amplifier. Improved processing and ad- 
ditional electrical testing guarantee the user precision perform- 
ance at a very low cost. The AD741J, K and L substantially 
increase overall accuracy over the standard AD741C by pro- 
viding maximum limits on offset voltage drift and significantly 
reducing the errors due to offset voltage, bias current, offset 
current, voltage gain, power supply rejection, and common 
mode rejection. For example, the AD741L features maximum 
offset voltage drift of 5/iV/°C, offset voltage of O.SmV max, 
offset current of 5nA max, bias current of 50nA max, and a 
CMRR of 90dB min. The AD741S offers guaranteed perform- 
ance over the extended temperature range of -55°C to 
+ 125°C, with max offset voltage drift of 15/iV/°C, max off- 
set voltage of 4mV, max offset current of 25nA, and a mini- 
mum CMRR of 80dB. 



AD741 SERIES FUNCTIONAL DIAGRAMS 
TO-99 



OFFSET NULL 


^. 


\D^ 


* 


INVERTING INPUT (^X^" 


J> (? 


) OUTPUT 


NONINVERTING INPUT m^ (?) OFFSET NULL 


V- 




NOTE PIN 4 CONNECTED TO CASE 


TOP VIEW 




8-Pin Mini-DIP 


OFFSET NULL (T 


U 


1] NO 


INVERTING INPUT [T 




^, 


T] v+ 




NONINVERTING INPUT [ 3 




ty^ 


Tj OUTPUT 




v-E 




5] OFFSET NULL 




TOP VIEW 





HIGH OUTPUT CAPABILITY 

Both the AD741J and AD741S offer the user the additional 
advantages of high guaranteed output current and gain at low 
values of load impedance. The AD741J guarantees a 
minimum gain of 25,000 swinging ±10V into a Ikfi load 
from to +70°C. The AD741S guarantees a minimum gain 
of 25,000 swinging ±10V into a lkJ2 load from -55°C to 
+ 125°C. 

All devices feature full short circuit protection, high gain, high 
common mode range, and internal compensation. The 
AD741J , K and L are specified for operation from to 
+70°C, and are available in both the TO-99 and mini-DIP 
packages. The AD741S is specified for operation from 
-55°C to +125°C, and is available in the TO-99 package. 
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SPECIHCATIONS 



(typical @ +25''C and ±15V dc, unless otherwise specified) 





AD741C 




AD741 




AD741J 






Model 


Min Typ 


Max 


Min Typ 


Max 


Min Typ 


Max 


Units 


OPEN LOOP GAIN 
















Rl = Ikfi, Vo = ±10V 










50,000 200,000 




V/V 


Rl = 2kn, Vo =±10V 


20,000 200,000 




50,000 200,000 








v/v 


Ta = min to max Rl = 2kl2 


15,000 




25,000 




25,000 




V/V 


OUTPUT CHARACTERISTICS 
















Voltage @ Rl = lkS2, Ta = min to max 










±10 ±13 




V 


Voltage @ Rl = 2kf2, Ta = mm to max 


±10 ±13 




±10 ±13 








V 


Short Circuit Current 


25 




25 




25 




mA 


FREQUENCY RESPONSE 
















Unity Gain, Small Signal 


1 




1 




1 




MHz 


Full Power Response 


10 




10 




10 




kHz 


Slew Rate 


0.5 




0.5 




0.5 




V/iits 


Transient Response (Unity Gam) 
















Rise Time Cl < lOV p-p 


0.3 




0.3 




0.3 




Ats 


Overshoot 


5.0 




5.0 




5.0 




% 


INPUT OFFSET VOLTAGE 
















Initial, Rs < lOkS^, Adj. to Zero 


1.0 


6.0 


1.0 


5.0 


1.0 


3.0 


mV 


Ta = min to max 


1.0 


7.5 


1.0 


6.0 




4.0 


mV 


Average vs. Temperature (Untrimmed) 












20 


juV/°C 


vs. Supply, Ta = mm to max 










30 


100 


)UV/V 


INPUT OFFSET CURRENT 
















Initial 


20 


200 


20 


200 


5 


50 


nA 


Ta = mm to max 


40 


300 


85 


500 




100 


nA 


Average vs. Temperature 










0.1 




nA/°C 


INPUT BIAS CURRENT 
















Initial 


80 


500 


80 


500 


40 


200 


nA 


Ta = min to max 


120 


800 


300 


1,500 




400 


nA 


Average vs. Temperature 










0.6 




nA/"C 


INPUT IMPEDANCE DIFFERENTIAL 


0.3 2.0 


0.3 2.0 


1.0 


MJ2 


INPUT VOLTAGE RANGE* 
















Differential, max Safe 












±30 


V 


Common Mode, max Safe 


±12 ±13 




±12 ±13 




±15 




V 


Common Mode Rejection, 
















Rs = < 10kS7, Ta = mm to max. 
















ViN = ±12V 


70 90 




70 90 




80 90 




dB 


POWER SUPPLY 
















Rated Performance 


±15 




±15 




±15 




V 


Operating 










±5 


±18 


V 


Power Supply Rejection Ratio 


30 


150 


30 


150 






juV/V 


Quiescent Cunent 


' 1.7 


2.8 


1.7 


2.8 


2.2 


3.3 


mA 


Power Consumption 


50 


85 


50 


85 


50 


85 


mW 


Ta = min 






60 


100 






mW 


TA = max 






45 


75 






mW 


TEMPERATURE RANGE 
















Operating Rated Performance 





+70 


-55 


+ 125 





+70 


°C 


Storage 


-65 


+ 150 


-65 


+ 150 


-65 


+150 


°C 



NOTES 

' For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Specifications subject to change without notice 



Specifications shown in boldface are tested on all production units at 
final electrical test. Results from those tests are used to calculate out- 
going quality levels All min and max specifications are guaranteed, 
althou^ only those shown in boldface are tested on all production 
units. 



2 




10kl2 



Standard Nulling Offset Circuit 



2-134 OPERATIONAL AMPLIFIERS 





AD741K 




AD741L 




AD741S 






Model 


Min Typ 


Max 


Min Typ 


Max 


Min Typ 


Max 


Units 


OPEN LOOP GAIN 
















Rl = lkaVo = ±10V 










50,000 200,000 




V/V 


Rl = 2kn, Vo = ±10V 


50,000 200,000 




50,000 200,000 








v/v 


T^ = min to max Rl = 2kJf2 


25,000 




25,000 




25,000 




V/V 


OUTPUT CHARACTERISTICS 
















Voltage @ Rl = IkH, T^ = min to max 














V 


Voltage @ Rl = 2kn, Ta = mm to max 


±10 ±13 




±10 ±13 




±10 ±13 




V 


Short Circuit Current 


25 




25 




25 




mA 


FREQUENCY RESPONSE 
















Unity Gain, Small Signal 


1 




1 




1 




MHz 


Full Power Response 


10 




10 




10 




kHz 


Slew Rate 


0.5 




0.5 




0.5 




V//is 


Transient Respone (Unity Gain) 
















Rise Time 


0.3 




0.3 




0.3 




JUS 


Overshoot 


5.0 




5.0 




5.0 




% 


INPUT OFFSET VOLTAGE 
















Initial, Rs < lOkfZ, Adj. to Zero 


0.5 


2.0 


0.2 


0.5 


1.0 


2 


mV 


Ta = min to max 




3.0 




1.0 




4 


mV 


Average vs. Temperature (Untrimmed) 


6.0 


15.0 


2.0 


5.0 


6.0 


15.0 


mv/°c 


vs. Supply, Ta = mm to max 


5 


15.0 


5 


15.0 


30 


100 


/iV/V 


INPUT OFFSET CURRENT 
















Initial 


2 


10 


2 


5 


2 


10 


nA 


Ta = mm to max 




15 




10 




25 


nA 


Average vs. Temperature 


0.02 


0.2 


0.02 


0.1 


0.1 


0.25 


nA/°C 


INPUT BIAS CURRENT 
















Initial 


30 


75 


30 


50 


30 


75 


nA 


Ta = min to max 




120 




100 




250 


nA 


Average vs. Temperature 


0.6 


1.5 


0.6 


1.0 


0.6 


2.0 


nA/°C 


INPUT IMPEDANCE DIFFERENTIAL 


2 


2 


2 


Mn 


INPUT VOLTAGE RANGE* 
















Differential, max Safe 


±30 




±30 




±30 




V 


Common Mode max Safe 


±15 




±15 




±15 




V 


Common Mode Rejection, 
















Rs < lOkfi, Ta = mm to max 
















ViN = ±12V 


90 100 




90 100 




90 100 




dB 


POWER SUPPLY 
















Rated Performance 


±15 




±15 




±15 




V 


Operating 


±5 


±22 


±5 


±22 


±5 


±22 


V 


Power Supply Rejection Ratio 














juV/V 


Quiescent Current 


1.7 


2.8 


1.7 


2.8 


2.0 


2.8 


mA 


Power Consumption 


50 


85 


50 


85 


50 


85 


mW 


Ta = min 










60 


100 


mW 


TA=max 










75 


115 


mW 


TEMPERATURE RANGE 
















Operating Rated Performance 





+ 70 





+70 


-55 


+125 


°C 


Storage 


-65 


+ 150 


-65 


+ 150 


-65 


+ 150 


°C 



NOTES 

' For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage 

Specifications subject to change without notice 



Specifications shown in boldface are tested on all production units at 
final electrical test Results from those tests are used to calculate out- 
going quality levels All mm and max specifications are guaranteed, 
although only those shown in boldface are tested on all production 
units 



ORDERING GUIDE 





Temperature 


Package 


Initial Off- 


Model 


Range 


Options* 


Set Voltage 


AD741CN 


to +70°C 


Mini-DIP (N-8) 


6.0mV 


AD741CH 


to +70°C 


TO-99 (H-08A) 


6.0mV 


AD741JN 


to +70°C 


Mini-DIP (N-8) 


3.0mV 


AD741JH 


to +70°C 


TO-99 (H-08A) 


3.0mV 


AD741KN 


to +70° C 


Mmi-DIP (N-8) 


Z.OmV 


AD741KH 


to +70°C 


TO-99 (H-08A) 


2.0mV 


AD741LN 


to +70°C 


Mini-DIP (N-8) 


O.SmV 


AD741LH 


to t70°C 


TO-99 (H-08A) 


0.5mV 


AD741H 


-55°Cto+125°C 


TO-99 (H-08A) 


S.OmV 


AD741SH 


-55°Cto+125°C 


TO-99 (H-08A) 


2.0mV 



•See Section 16 for package outline information. 



ABSOLUTE MAXIMUM RATINGS 



Absolute Maximum Ratings 

Supply Voltage 

Internal Power Dissipation 

Differential Input Voltage 

Input Voltage 

Storage Temperature Range 

Lead Temperature 

(soldering, 60 seconds) 
Output Short Circuit Duration 

NOTES 

' Rating applies for case temperature to +125°C. Derate TO-99 linearity 

at 6.5mW/°C for ambient temperatures above +70°C. 
* Raung applies for shorts to ground or either supply at case temperatures 

to +125°C or ambient temperatures to +75°C. 



AD741,J, 


K,L,S 


AD741C 


±22V 




±18V 


SOOmW' 




SOOmW 


±30V 




±30V 


±15V 




±15V 


-65°C to + 


150°C 


-65°C to +150°C 


300°C 




300°C 


Indefinite^ 




Indefinite 
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Typical Performance Curves 
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Figure 1. Offset Current vs. 
Temperature 
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Figure 2. Bias Current vs. 
Temperature 
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Figure 3. Open Loop Gain vs. 
Frequency 
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Figure 4. Open Loop Phase Response 
vs. Frequency 



Figure 5. Common Mode Rejection 
vs. Frequency 



Figure 6. Broad Band Noise vs. 
Source Resistance 
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Figure 7. Input Noise Voltage vs. 
Frequency 



Figure 8. Input Noise Current vs. 
Frequency 



Figure 9. Voltage Follower Large 
Signal Pulse Response 
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Figure 10. Output Voltage Swing vs. 
Supply Voltage 



Figure 1 1. Output Voltage Swing \ 
Load Resistance 



Figure 12. Output Voltage Swing vs. 
Frequency 
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A^4ALJCXa 
DEVICES 



Precision, 500ns Settling 
BiFET Op Amp 




FEATURES 

AC PERFORMANCE 

500ns Settling to 0.01% for 10V Step 

1.5(jis Settling to 0.0025% for 10V Step 

75V/)jis Slew Rate 

0.0003% Total Harmonic Distortion (THD) 

13MHz Gain Bandwidth - Internal Compensation 

>200MHz Gain Bandwidth (G = 1000) - 

External Decompensation 
>1000pF Capacitive Load Drive Capability with 

10V/)jis Slew Rate - External Compensation 

DC PERFORMANCE 

0.25mV max Offset Voltage (AD744C) 

3jjlV/X max Drift (AD744C) 

250V/mV min Open-Loop Gain (AD744B) 

4(jiV p-p max Noise, 0.1Hz to 10Hz (AD744C) 

Available in Plastic Mini-DIP, Hermetic Cerdip 

and Hermetic Metal Can Packages 
MIL-STD-883B Processing Available 

APPLICATIONS 

Output Buffers for 12-Bit, 14-Bit and 16-Bit DACs, 

ADC Buffers, Cable Drivers, Wideband 

Preamplifiers and Active Filters 

PRODUCT DESCRIPTION 

The AD744 is a fast-settling, precision, FET input, monolithic 
operational amplifier. It offers the excellent dc characteristics of 
the AD711 BiFET family with enhanced settling, slew rate, and 
bandwidth. The AD744 also offers the option of using custom 
compensation to achieve exceptional capacitive load drive 
capability. 

The single-pole response of the AD744 provides fast settling: 
500ns to 0.01%. This feature combined with its high dc precision, 
makes it suitable for use as a buffer amplifier for 12-bit, 14-bit 
or 16-bit DACs and ADCs. Furthermore, the AD744's low total 
harmonic distortion (THD) level of 0.0003% and gain bandwidth 
product of 13MHz make it an ideal amplifier for demanding 
audio applications. It is also an excellent choice for use in active 
filters in 12-bit, 14-bit and 16-bit data acquisition systems. 

The AD744 is internally compensated for stable operation as a 
unity gain inverter or as a noninverting amplifier with a gain of 
two or greater. External compensation may be applied to the 
AD744 for stable operation as a unity gain follower. External 
compensation also allows the AD744 to drive lOOOpF capacitive 
loads, slewing at lOV/jjus with full stability. Alternatively, external 
decompensation may be used to increase the gain bandwidth of 
the AD744 to over 200MHz at high gains. This makes the AD744 
ideal for use as ac preamps in digital signal processing (DSP) 
front ends. 

The AD744 is available in seven performance grades. The AD744J 
and AD744K are rated over the commercial temperature range 
of to +70X. The AD744A, AD744B and AD744C are rated 
over the industrial temperature range of -40°C to +85°C. The 
AD744S and AD744T are rated over the military temperature 



AD744 CONNECTION DIAGRAMS 
TO-99 

(H) Package 




e; OUTPUT 

AD744- 

?) COMPENSATION 



Plastic Mini-DIP (N) Package 

and 

Cerdip (Q) Package 




OUTPUT 
COMPENSATION 



range of - 55°C to + 125*^C and are available processed to MIL- 
STD-883B, Rev. C. 

Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes a 168-hour burn-in, as well as other environmental and 
physical tests. 

The AD744 is available in an 8-pin plastic mini-DIP, 8-pin 
cerdip, or TO-99 metal can. 

PRODUCT HIGHLIGHTS 

1 . The AD744 is a high-speed BiFET op amp that offers excellent 
performance at competitive prices. It outperforms the OP42, 
OPA606, LF356 and LF400. 

2. The AD744 offers exceptional dynamic response. It setdes to 
0.01% in 500ns and has a 100% tested minimum slew rate of 
50V/M.S (AD744B). 

3. The combination of Analog Devices* advanced processing 
technology, laser wafer drift trimming and well-matched ion- 
implanted JFETs provide outstanding dc precision. Input 
offset voltage, input bias current, and input offset current 
are specified in the warmed-up condition; all are 100% 
tested. 

4. The AD744 has a guaranteed and tested maximum voltage 
noise of 4m-V p-p, O.lHz to lOHz (AD744C). 
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orcuinuHi 


IUIlO(@ +25^ and ±15Vdc, unless otherwise noted) 










Model 






AD744J/A/S 




AD744K/B/T 




AD744C 










Min 


Typ Max 


Min 


Typ Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE' 




















Initial Offset 






3 1.0 




0.25 0.5 




0.10 


0.25 


mV 


Offset 


T™„-T„„ 




2/2/2 




1.0 






0.45 


mV 


vs. Temp 






5 20/20/20 




5 10 




2 


3 


jtV/°C 


vs. Supply^ 




82 


95 ' 


88 


100 


92 


110 




dB 


vs. Supply 


Tmm-Tmax 


82/82/82 




88 




92 






dB 


Long-Term Stability 






15 




15 




15 




fiV/month 


INPUT BIAS CURRENT^ 




















Either Input 


VcM = 0V 




30 100 




30 100 




30 


50 


pA 


Either Input C«T„ax 


VcM = OV 


















J,K 


70°C 




0.7 2.3 




0.7 2.3 








nA 


A,B,C 


85°C 




19 6.4 




19 6.4 




1.9 


32 


nA 


S,T 


125°C 




31 102 




31 102 








nA 


Either Input 


VcM=+10V 




40 150 




40 150 




40 


100 


pA 


Offset Current 


VcM = OV 




20 50 




10 50 




10 


20 


pA 


Offset Current C"Tmax 


VcM = OV 


















J,K 


70°C 




04 1.1 




02 1.1 








nA 


A,B,C 


85X 




1.3 3 2 




6 3.2 




0.6 


1 3 


nA 


S,T 


125°C 




20 52 




10 52 








nA 


FREQUENCY RESPONSE 




















Gam BW, Small Signal 


G=-l 


8 


13 


9 


13 


9 


13 




MHz 


Full Power Response 


Vo = 20Vp-p 




600 




600 




600 




kHz 


Slew Rate, Unity Gain 


G=-l 


45 


75 


50 


75 


50 


75 




V/jts 


SettlmgTmieto0 01%'' 


G=-l 




05 09 




5 0.9 




0.5 


09 


H.S 


Total Harmonic 


f = IkHz 


















Distortion 


Rl>2kn 




















Vo = 3Vrms 




0003 




0.0003 




0003 




% 


INPUT IMPEDANCE 




















Differenual 






3xlO'^||5.5 




3xl0'^||5.5 




3xl0'^||5 5 




ft||pF 


Common Mode 






3 X 10'^||5 5 




3xl0'^||5.5 




3xlO'i5.5 




mipF 


INPUT VOLTAGE RANGE 




















Differenual' 






±20 




±20 




±20 




V 


Common-Mode Voltage 






+ 14 5,-11.5 




+ 14.5,-11.5 




+ 14.5,-11.5 




V 


Over Max Operating Range^ 




-11 


-H3 


-11 


-H3 


-11 




+ 13 


V 


Common-Mode Rejection Ratio 


VcM=±10V 


78 


88 


82 


88 


86 


94 




dB 




Tm,„toT„ax 


76/76/76 


84 


80 


84 


86 


90 




dB 




VcM=±llV 


72 


84 


78 


84 


80 


90 




dB 




TmintoTmax 


70/70/70 


80 


74 


80 


76 


84 




dB 


INPUT VOLTAGE NOISE 


O.ltolOHz 




2 




2 




2 


4 


j.vp-e_ 

nV/VHz 




f = lOHz 




45 




45 




45 






f = lOOHz 




22 




22 




22 




nV/VHz 




f = IkHz 




18 




18 




18 




nV/VHz 




f = lOkHz 




16 




16 




16 




nV/VHz 


INPUT CURRENT NOISE 


f = IkHz 


01 


01 


01 


pA/VHz 


OPEN LOOP GAIN^ 


Vo=±10V 




















Ri.oADs2kn 


200 


400 


250 


400 


250 


400 




V/mV 




Tm.„toT™, 


100/100/100 




100 




150 






V/mV 


OUTPUT CHARACTERISTICS 




















Voltage 


R,OADS2kfl 


-H3,-12.5 


+ 13.9,-13 3 


+ 13,- 


-12.5 +13.9,-13.3 


+ 13, 


-12.5 +13 9,-13.3 




V 




TmmtoTmax 


±12/±12/±12 +13 8,-13.1 


±12 


+ 13.8,-13 1 


±12 


+ 13 8,-13.1 




V 


Current 


Short-Circuit 




25 




25 




25 




mA 


Capacitive Load* 


Gam = - 1 




1000 




1000 






1000 


pF 


POWER SUPPLY 




















Rated Performance 






±15 




±15 




±15 




V 


Operating Range 




±4.5 


±18 


±4.5 


±18 


±4.5 




±18 


V 


Quiescent Current 






3.5 5.0 




3 5 4.0 




35 


4.0 


mA 


TEMPERATURE RANGE 




















Operating, Rated Performance 




















Commercial (0 to + 70°C) 






AD744J 




AD744K 










Industrial (-40°C to +85°C) 






AD744A 




AD744B 




AD744C 






Military (-55°C to + 125°C) 






AD744S 




AD744T 










PACKAGE OPTIONS' 




















8-Pm Plastic Mmi-DIP(N-8) 






AD744JN 




AD744KN 










8-PmCerdip(Q-8) 






AD744AQ,AD744SQ 




AD744BQ,AD744TQ 




AD744CQ 






TO-99 Metal Can (H-08A) 






AD744AH,AD744SH 




AD744BH,AD744TH 




AD744CH 







NOTES 

' Input Offset Voltage specifications are guaranteed after 5 mmutes of operation at T^ = + 25°C 

^PSRR test conditions- +Vs=15V, - Vs= 12Vtol8Vand + Vs= 12Vtol8V, -Vs= -15V 

^Bias Current Specifications are guaranteed maximum at either input after 5 mmutes of operation at Ta = + 25°C. 

For higher temperature, the current doubles every ICC. 
*Gain= -1,R, =2k,C, = lOpF, refer to Figure 25. 

'Defined as voltage between inputs, such that neither exceeds ± lOV from ground 

^Typically exceeding -14.1V negative common-mode voltage on either input results m an output phase reversal. 
^Open-Loop Gam is specified with Vqs both nulled and unnuiled. 
^Capacitive load drive specified for Ccomp = 20pF with the device connected as shown in Figure 32. 

Under these conditions, slew rate = 14V/jjisandO 01%setthngtime= 1. 5 jts typical. 

Refer to Table II for opnmum compensation while driving a capacitive load 
'See Section 1 6 for package outline information. 
Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to 
calculate outgoing quality levels All mm and max specifications are guaranteed, although only those shown in boldface 
are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS^ 

Supply Voltage ±18V 

Internal Power Dissipation 500mW 

Input Voltage^ ± 18V 

Output Short Circuit Duration Indefinite 

Differential Input Voltage + Vs and - Vs 

Storage Temperature Range Q, H -65°C to + ISO^C 

Storage Temperature Range N -65*'Cto +125°C 

Operating Temperature Range 

AD744J/K to +70°C 

AD744A/B/C -40°C to +85X 

AD744S/T -55"Cto + 125°C 

Lead Temperature Range (Soldering 60 sec) SOOX 

NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

^For supply voltages less than ± 18V, the absolute maximum input voltage 
is equal to the supply voltage. 



OPERATIONAL AMPLIFIERS 2-139 



Typical Characteristics 
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Figure 1. Input Voltage Swing vs. 
Supply Voltage 



Figure 2. Output Voltage Swing vs. 
Supply Voltage 



Figure 3. Output Voltage Swing vs. 
Resistive Load 
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SUPPLY VOLTAGE - VOLTS 
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Figure 4. Quiescent Current vs. 
Supply Voltage 



Figure 5. Input Bias Current vs. 
Temperature 



Figure 6. Magnitude of Output 
Impedance vs. Frequency 
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Figure 7. Input Bias Current vs. 
Common-Mode Voltage 



Figure 8. Short Circuit Current Limit 
vs. Temperature 



Figure 9. Gain Bandwidth Product 
vs. Temperature 
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SUPPLY VOLTAGE ± VOLTS 



Figure 10. Open Loop Gain and 
Pfiase vs. Frequency CcoMP=OpF 



Figure 1 1. Open Loop Gain and 
Ptiase vs. Frequency CcoMP=25pF 



Figure 12. Open Loop Gain vs. 
Supply Voltage 
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Figure 13. Common-Mode and 
Power Supply Rejection vs. 
Frequency 



Figure 14. Large Signal Frequency 
Response 



Figure 15. Output Swing and Error 
vs. Settling Time 
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Figure 16. Total Harmonic Distortion 
vs. Frequency, Circuit of Figure 20 
(G=10) 
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Figure 17. Input Noise Voltage 
Spectral Density 
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Figure 18. Slew Rate vs. Input Error 
Signal 
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TO SPECTRUM ANALYZER - 



CLOSED LOOP VOLTAGE GAIN 



Figure 19. Settling Time vs. Closed 
Loop Voltage Gain 
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Figure 20. THD Test Circuit 



Figure 21. Offset Null Configuration 




Figure 22a. Unity Gain Follower 
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Figure 22b. Unity Gain Follower 
Large Signal Pulse Response, 
CcoMP=5pF 




Figure 22c. Unity Gain Follower 
Small Signal Pulse Response, 
CcoMP=5pF 
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Figure 23a. Unity Gain Inverter 
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Figure 23b. Unity Gain Inverter 
Large Signal Pulse Response, 
CcoMP=OpF 




Figure 23c. Unity Gain Inverter 
Small Signal Pulse Response, 
CcoMP=OpF 
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Applying the AD744 



POWER SUPPLY BYPASSING 

The power supply connections to the AD744 must maintain a 
low impedance to ground over a bandwidth of lOMHz or more. 
This is especially important when driving a significant resistive 
or capacitive load, since all current delivered to the load comes 
from the power supplies. Multiple high quality bypass capacitors 
are recommended for each power supply line in any critical 
application. A 0.1 |xF ceramic and a IfxF electrolytic capacitor as 
shown in Figure 24 placed as close as possible to the amplifier 
(with short lead lengths to power supply common) will assure 
adequate high frequency bypassing, in most applications. A 
minimum bypass capacitance of 0.1|xF should be used for any 
application. 
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Figure 24. Recommended Power Supply Bypassing 



Figure 25. Settling Time Test Circuit 



MEASURING AD744 SETTLING TIME 

The photos of Figures 26 and 27 show the dynamic response of 
the AD744 while operating in the settling time test circuit of 
Figure 25. The input of the settling time fixture is driven by a 
flat-top pulse generator. The error signal output from the false 
summing node of Al , the AD744 under test, is clamped, amplified 
by op amp A2 and then clamped again. 



The error signal is thus clamped twice: once to prevent overloading 
amplifier A2 and then a second time to avoid overloading the 
oscilloscope preamp. A Tektronix oscilloscope preamp type 
7A26 was carefully chosen because it recovers from the approxi- 
mately 0.4V overload quickly enough to allow accurate measure- 
ment of the AD744's 500ns settling time. Amplifier A2 is a very 
high-speed FET-input op amp; it provides a voltage gain of 10, 
amplifying the error signal output of the AD744 under test. 
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Figure 26. Settling Characteristics to + 10V Step 
Upper Trace: Output of AD744 Under Test (5V/div) 
Lower Trace: Amplified Error Voltage (0.01%/div) 



Figure 27. Settling Characteristics to - 10V Step 
Upper Trace: Output of AD744 Under Test (5V/div) 
Lower Trace: Amplified Error Voltage (0.01%/div) 
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Figure 28. AD744 Simplified Schematic 



EXTERNAL FREQUENCY COMPENSATION 

Even though the AD744 is useable without compensation in 
most applications, it may be externally compensated for even 
more flexibility. This is accomplished by connecting a capacitor 
between Pins 5 and 8. Figure 28, a simplified schematic of the 
AD744, shows where this capacitor is connected. This feature is 
useful because it allows the AD744 to be used as a unity gain 
voltage follower. It also enables the amplifier to drive capacitive 
loads up to 2000pF and greater. 

The slew rate and gain bandwidth product of the AD744 are 
inversely proportional to the value of the compensation capacitor, 
CcoMP- Therefore, when trying to maximize the speed of the 
amplifier, the value of Ccomp should be minimized. Ccomp can 
also be used to slow the amplifier to a point where the slew rate 
is perfectly symmetrical and well controlled. Figure 29 summarizes 
the effect of external compensation on slew rate and bandwidth. 
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Figure 29. Gain Bandwidtti and Slew Rate vs. Ccomp 

The following section provides tables to show what Ccomp values 
will provide the necessary compensation for given circuit config- 
urations and capacitive loads. In each case, the recommended 
Ccomp is a minimum value. A larger Ccomp can always be used, 
but slew rate and bandwidth performance will be degraded. 



Figure 30 shows the AD744 configured as a unity gain voltage 
follower. In this case, a minimum compensation capacitor of 
5pF is necessary for stable operation. Larger compensation 
capacitors can be used for driving larger capacitive loads. Table 
I outlines recommended minimum values for Ccomp based on 
the desired capacitive load. It also gives the slew rate and bandwidth 
that will be achieved for each case. 




Figure 30. AD744 Connected as a Unity Gain Voltage 
Follower 



Gain 


Max 

Cload 

(pF) 


Ccomp 

(pF) 


Slew Rate 

(V/uis) 


-3dB 
Bandwidth 

(MHz) 


1 

1 
1 


50 

150 

2000 


5 

10 

25 


37 
25 
12.5 


6.5 
4.3 
2.0 



Table I. Recommended Values of Ccomp ^s. Various 
Capacitive Loads 

Figures 31 and 32 show the AD744 as a voltage follower with 
gain and as an inverting amplifier. In these cases, external com- 
pensation is not necessary for stable operation. However, com- 
pensation may be applied to drive capacitive loads above 50pF. 
Table II gives recommended Ccomp values, along with expected 
slew rates and bandwidths for a variety of load conditions and 
gains for the circuits in Figures 31 and 32. 
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*SEE TABLE II 



? $ 



Figure 31. AD744 Connected as a Voltage Follower 
Operating at Gains of 2 or Greater 




VOUT 



♦SEE TABLE II 



Figure 32. AD744 Connected as an Inverting Amplifier 
Operating at Gains of 1 or Greater 











Max 






Slew 


-3dB 


Rl 


R2 


Gain 


Gain 


Cload 


CcOMP 


Clead 


Rate 


Bandwidth 


m 


(ft) 


Follower 


Inverter 


(pF) 


(pF) 


(pF) 


(V/»JLS) 


(MHz) 


4.99k 


4.99k 


2 


1 


50 





7 


75 


2.5** 


4.99k 


4.99k 


2 


1 


150 


5 


7 


37 


2.3** 


4.99k 


4.99k 


2 


1 


1000 


20 


- 


14 


1.2 


4.99k 


4.99k 


2 


1 


>2000 


25 


- 


12.5* 


1.0 


499a 


4.99k 


11 


10 


270 





_ 


75 


1.2 


4990 


4.99k 


11 


10 


390 


2 


- 


50 


0.85 


499a 


4.99k 


11 


10 


1000 


5 


- 


37* 


0.60 



*Into large capacitive loads the AD744's 25mA output current limit sets the slew rate of the amplifier, 
in V/|JLS, equal to 0.025 amps divided by the value of Cload »n |J^F- Slew rate is specified into rated 
max Cload except for cases marked *, which are specified with a 50pF load. 
**Bandwidth with Clead adjusted for minimum settling time. 



Table II. Recommended Values of Ccomp vs. Various Load Conditions for the 
Circuits of Figures 31 and 32. 



Using Decompensation to Extend the Gain Bandwidth 
Product 

When the AD744 is used in applications where the closed-loop 
gain is greater than 10, gain bandwidth product may be enhanced 
by connecting a small capacitor between Pins 1 and 5 (Figure 
33). At low frequencies, this capacitor cancels the effects of the 
chip's internal compensation capacitor, Ccompj effectively de- 
compensating the amphfier. 

Due to manufacturing variations in the value of the internal 
Ccompj it is recommended that the ampHfier's response be 
optimized for the desired gain by using a 2 to lOpF trinmier 
capacitor rather than using a fixed value. 



Rl 

(n) 


R2 

(ft) 


Gain 
Follower 


Gain 
Inverter 


-3dB 
Bandwidth 


Gain/BW 
Product 


Ik 

100 

100 


10k 
10k 
100k 


11 

101 

1001 


10 

100 

1000 


2.5MHz 
760kHz 
225kHz 


25MHz 
76MHz 
225MHz 



VouT 




? 5 .. 



Figure 33. Using the Decompensation Connection to Extend 
Gain Bandwidth 



Table III. Performance Summary for the Circuit of 
Figure 33 
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HIGH-SPEED OP AMP APPLICATIONS 
AND TECHNIQUES 

DAC Buffers (I-to-V Converters) 

Digital-to-analog converters which use bipolar transistors to 
switch currents into (or out of) their outputs can achieve very 
fast settling times. The AD565A, for example, is specified to 
settle to 12 bits in less than 250ns, with a current output. However, 
in many applications, a voltage output is desirable, and it would 
be useful - perhaps essential - that this I-to-V conversion be 
accomplished without increasing the settling time or without 
degrading the accuracy of the DAC. 

Figure 34 is a schematic of an AD565A DAC using an AD744 
output buffer. The lOpF Clead capacitor compensates for the 
DAC's output capacitance, plus the 5.5pF amplifier input 
capacitance. 

Figure 35 is an oscilloscope photo of the AD744's output voltage 
with a + lOV to OV step applied; this corresponds to an all "Is" 
to all "Os" code change on the DAC. Since the DAC is connected 
in the 20V span mode, ILSB is equal to 4.88mV. Output settling 
time for the AD565/AD744 combination is less than 500ns to 
within a 2.44mV, 1/2LSB error band. 
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Figure 35. Upper Trace: AD744 Output Voltage for a + 10V 

to OV Step, Scale: SmV/division. 

Lower Trace: Logic Input Signal, Scale: SV/division. 
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Figure 34. ± 10V Voltage Output Bipolar DAC Using the 
AD744 as an Output Buffer 
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A HIGH-SPEED, 3 OP AMP INSTRUMENTATION 
AMPLIFIER CIRCUIT 

The instrumentation amplifier circuit shown in Figure 36 can 
provide a range of gains from unity up to 1000 and higher. The 
circuit bandwidth is 4MHz at a gain of 1 and 750kHz at a gain 
of 10; settling time for the entire circuit is less than 2|xs to 
within 0.01% for a lOV step, (G= 10). 

While the AD744 is not stable with 100% negative feedback (as 
when connected as a standard voltage follower), phase margin 
and therefore stability at unity gain may be increased to an 
acceptable level by placing the parallel combination of a resistor 
and a small lead capacitor between each amplifier's output and 
its inverting input terminal. 

The only penalty associated with this method is a small bandwidth 
reduction at low gains. The optimum value for Clead may be 
determined from the graph of Figure 41. This technique can be 
used in the circuit of Figure 36 to achieve stable operation at 
gains from unity to over 1000. 

CIRCUIT GAIN = 22x000 + i 

AD744 .15pF-20pF 

(TRIM FOR BEST SETTLING TIME) 




REFERENCE 



•VOLTRONICS SP20 TRIMMER CAPACITOR OR EQUIVALENT 
►•RATIO MATCHED 1% METAL FILM RESISTORS 



-^ 



4 > -Vs 



1— ^ 

-*- liiF 






-j_VF :j:ovF 

-* 4 ► PIN 4 



FOR OPTIONAL 
OFFSET ADJUSTMENT. 
TRIM A1, A3 USING TRIM 
PROCEDURE SHOWN IN 
FIGURE 21. 



Figure 36. A High Performance, 3 Op Amp Instrumentation 
Amplifier Circuit 
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Figure 37. The Pulse Response of the 3 Op Amp 
Instrumentation Amplifier. Gain = 7, Horizontal Scale: 
O.Sfis/div, Vertical Scale: 5V/div. (Gain = 10) 
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Figure 38. Settling Time of the 3 Op Amp Instrumentation 
Amplifier. Horizontal Scale: 500ns/div., Vertical Scale, 
Pulse Input: 5V/div. Output Settling: ImV/div. 

Minimizing Settling Time in Real- World Applications 

An amplifier with a "single pole" or "ideal" integrator open-loop 
frequency response will achieve the minimum possible settling 
time for any given unity-gain bandwidth. However, when this 
"ideal" amplifier is used in a practical circuit, the actual settling 
time is increased above the minimum value because of added 
time constants which are introduced due to additional capacitance 
on the amplifier's summing junction. The following discussion 
will explain how to minimize this increase in settling time by 
the selection of the proper value for feedback capacitor, Cl- 

If an op amp is modeled as an ideal integrator with a unity gain 
crossover frequency, fo, Equation 1 will accurately describe the 
small signal behavior of the circuit of Figure 39. This circuit 
models an op amp connected as an I-to-V converter. 

Equation 1 would completely describe the output of the system 
if not for the op amp's finite slew rate and other nonlinear effects. 
Even considering these effects, the fine scale settling to <0.1% 
will be determined by the op amp's small signal behavior. 



Table IV. Performance Summary for the Three Op Amp 
Instrumentation Amplifier Circuit 
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Equation 1. 
Vo 



CcoMP (optional) 



R(Cl + Cx) 
2TrFo ' 



^W^ 



s+1 



Where Fq = the op amp's unity gain crossover frequency 

Gn = the "noise" gain of the circuit ( 1 +^) 
This Equation May Then Be Solved for Cl: 
Equation 2. 



2 -Gn . 2VRCx27rFo4- (1-0^) 



R2irFo 



R27rFo 



In these equations, capacitance Cx is the total capacitance ap- 
pearing at the inverting terminal of the op amp. When modeling 
an I-to-V converter application, the Norton equivalent circuit of 
Figure 39 can be used directly. Capacitance Cx is the total 
capacitance of the output of the current source plus the input 
capacitance of the op amp, which includes any stray capacitance 
at the op amp's input. 



p (optional) 




• o • VS/V~» 
Id <Ro —Cx II 



Figure 39. A Simplified l\/lodel of the AD744 Used as a 
Current-to-Voltage Converter 

When Ro and Iq are replaced with their Thevenin Vin and Rin 
equivalents, the general purpose inverting amplifier model of 
Figure 40 is created. Here capacitor Cx represents the input 
capacitance of the AD744 (5.5pF) plus any stray capacitance 
due to wiring and the type of IC package employed. 

In either case, the capacitance Cx causes the system to go from 
a one-pole to a two-pole response; this additional pole increases 
settling time by introducing peaking or ringing in the op amp's 
output. If the value of Cx can be estimated with reasonable 
accuracy, Equation 2 can be used to choose the correct value for 
a small capacitor, Cl, which will optimize amphfier response. If 
the value of Cx is not known, Cl should be a variable capacitor. 




Figure 40. A Simplified Model of the AD744 Used as an 
Inverting Amplifier 

As an aid to the designer, the optimum value of Cl for one 
specific amplifier connection can be determined from the graph 
of Figure 41. This graph has been produced for the case where 
the AD744 is connected as in Figures 39 and 40 with a practical 
minimum value for Cstray of 2pF and a total Cx value of 
7.5pF. 

The approximate value of Cl can be determined for almost any 
application by solving Equation 2. For example, the AD565/AD744 
circuit of Figure 34 constrains all the variables of Equation 2 
(Gn = 3.25, R = lOkH, Fq = 13MHz, and Cx = 32.5pF). Therefore, 
under these conditions, Cl= lO.SpF. 




VALUE OF RESISTOR R - OHMS 



Figure 41. Practical Values of Cl vs. Resistance of R for 
Various Amplifier Noise Gains 
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ANALOG 
DEVICES 



Dual Precision, 500ns Settling 
BiFET Op Amp 



AD746 



FEATURES 

AC PERFORMANCE 

500ns Settling to 0.01% for 10V Step 

75V/fjis Slew Rate 

0.0003% Total Harmonic Distortion (THD) 

13MHz Gain Bandwidth 

DC PERFORMANCE 

0.25mV max Offset Voltage (AD746C) 

3(jiV/X max Drift (AD746C) 

250V/mV min Open Loop Gain (AD746B) 

4|jiV p-p max Noise, 0.1Hz to 10Hz (AD746C) 

APPLICATIONS 

Output Buffers for 12- and 14- Bit DACs, 

ADC Buffers, Cable Drivers, Wideband 

Preamplifiers and Active Filters 
Available in 8-Pin Plastic SOIC, Mini-DIP, Hermetic 

Cerdip, and Hermetic Metal Can Packages. 



AD746 CONNECTION DIAGRAMS 





PRODUCT DESCRIPTION 

The AD746 is a dual fast-settling, precision, FET inpui 
operational amplifier. It offers the excellent dc chalfpt^f! 
of the AD711 BiFET family with enhance# s6^ing^ §MW rat< 
and bandwidth. The AD746 is interi^y„,ci^p%^ted for 
operation as a unity gain inverter <>f a^% fewiivertiji:^ 
with a gain of two or greater.fi" j^t % ''"^^ .w '« 

The single pole response of the A5)|746 prqsiielpkSt settfihg: 
to 0.01%. This feature combined with its'^ghicf precis!"^' 
makes it suitable for use as a buffer amplifllr for 12-bit, 
or 16-bit DACs and ADCs. Furthermore, the AD746's lo^ 
harmonic distortion (THD) level of 0.0003% and gain bandwidth 
product of 13MHz make it an ideal ampUfier for demanding 
audio applications. It is also an excellent choice for use in active 
filters in 12-bit, 14-bit and 16-bit data acqxiisition systems. 

The AD746 is available in seven performance grades. The AD746J 
and AD746K are rated over the commercial temperature range 
of to +70°C. The AD746A, AD746B and AD746C are rated 
over the industrial temperature range of - 40°C to 85°C. The 
AD746S and AD746T are rated over the military temperature 
range of - 55°C to + 125°C and are available processed to MIL- 
STD-883B, Rev. C. 

Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature range. PLUS screening 
includes a 168-hour burn-in, as well as other environmental and 
physical tests. 




,r,%l.~'-'''^'""* v-[7 



8[v + 

tJ OUTP 
"71 -IN 
"Tj+IN 



J^O^jtlfcT HIGHLIGHTS 

^^f^h|Ad746 is a dual high-speed, fast settling, BiFET op 
fenp that offers excellent performance at competitive prices. 
The AD746 is offered in a standard dual pin out. 

The AD746 offers excellent dynamic response. It setties to 
0.01% in 500ns and has a 100% tested minimum slew rate of 
50V/J1S (AD746B). 

3. The combination of Analog Devices* advanced processing 
technology, laser wafer drift trimming and well-matched ion- 
implanted JFETs provide outstanding dc precision. Input 
offset voltage, input bias current, and input offset current 
are specified in the warmed-up condition; all are 100% 
tested. 

4. The AD746 has a guaranteed and tested maximimi voltage 
noise of 4jtV p-p, O.lHz to lOHz (AD746C). 

5. The AD746 is available in an 8-pin small outline (SO) package, 
mini-DIP, cerdip and metal cans. 
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oPLU I r I U ATI No (@ + 25^0 ami ± 15V dc, unless otherwise noted) 



Model 






AD746J/A/S 


AD746K/B/T 




AD746C 










Min 


Typ Max 


Min 


Typ Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE' 




















Initial Offset 






3 1.0 




0.25 0.5 




0.10 


0.25 


mV 


Offset 


T™n-T™„ 




2.5/2.5/2.5 




1 






0.50 


mV 


vs. Temperature 






12 20/20/20 




5 10 




2 


3 


iivrc 


vs.Supply^ 




82 


95 


88 


100 


92 


110 




dB 


vs Supply 


T™„-T„^ 


82/82/82 




88 




92 






dB 


Long-Term Stability 






15 




15 




15 




ji-V/month 


INPUT BIAS CURRENT^ 




















Either Input 


VcM = OV 




60 150 




60 150 




60 


150 


pA 


Either Input ^Tmax 


VcM = OV 


















J,K 


70°C 




1.4 3.4 




1.4 3.4 








nA 


A,B,C 


85°C 




3.8 9.6 




38 96 




38 


6.4 


nA 


S,T 


125°C 




61 154 




61 154 








nA 


Either Input 


VcM= + 10V 




80 250 




80 250 




80 


200 


pA 


Offset Current 


VcM = OV 




30 75 




20 75 




20 


40 


pA 


Offset Current (o-Tmax 


VcM = OV 


















LK 


70°C 




07 17 




0.4 . 1.7 








nA 


A,B,C 


85°C 




1.9 4 8 




1.3 4 8 




1.3 


2.6 


nA 


S,T 


125°C 




31 77 




20 77 








nA 


MATCHING CHARACTERISTICS* 




















Input Offset Voltage 






1.5 




0.5 






0.3 


mV 


Input Offset Voltage 


T^ntoT^ 




2 5/2 5/2.5 




i-li 






0.6 


mV 


Input Offset Voltage 


vs. Temp. 




20/20/20 




^wM 






5 


ii-vrc 


Input Bias Current 






50 




.,,111110% *l 






20 


pA 


Crosstalk (tt^lkHz 






120 




120 €£ %- 




120 




dB 


Coj lOOkHz 






90 




m.. w% 




90 




dB 


FREQUENCY RESPONSE 








'%, 












Gam BW, Small Signal 


G=-l 


8 


13 




9 


13 




MH/ 


Full Power Response 


Vo = 20Vp-p 




600 , i 




600 




kHz 


Slew Rate, Unity Gain 


G=-I 


45 


75 ^' I, 


50 


75 




V/jts 


SettlrngTimetoOOlVo" 
Total Harmonic 
Distortion 


G=-l 
f=lkH2 
Rl>2kft 
Vo = 3Vrms 




5 t|M !, V' / 




0.5 
0.0003 


0.9 


JIS 

% 


INPUT IMPEDANCE 
Differenual 
Common Mode 




^ , \ 








3xlO'i5 5 
3x10^5 5 


mipF 
mipF 


INPUT VOLTAGE RANGE 


% 


/ '" '■■' 


•\^,4'Aii'' 


iimi 


S y 










Differential' 


..^^. 


%^o '*^' 




±20 




V 


Common-Mode Voltage 




(,. 




?14 5, -11 5 




+ 14.5,-11 5 




V 


Over Max Operaung Range* 




-11 


+ 13 


-11 




+ 13 


V 


Common-Mode Rejection Ratio 


VcM=±10V 


78 


# v^ 


88 


86 


94 




dB 




TmintoTmax 


76/76/76 


io 


84 


86 


90 




dB 




VcM=±llV 


72 


78 


84 


80 


90 




dB 




TnuntoT^ 


70/70/70 


80 


74 


80 


76 


84 




dB 


INPUT VOLTAGE NOISE 


O.ltolOHz 




2 




2 




2 


4 


fiVp-p 
nW/VUz 




f = lOHz 




45 




45 




45 






f = lOOHz 




22 




22 




22 




nV/VHz 




f = IkHz 




18 




18 




18 




nV/y/Th. 




f = lOkHz 




16 




16 




16 




nV/VH^ 


INPUT CURRENT NOISE 


f = IkHz 


01 


0.01 


01 


pmVhz 


OPEN LOOP GAIN^ 


Vo=±10V 




















RLOADS2ka 


150 


300 


175 


300 


200 


300 




V/mV 




TmintoTmax 


75/75/65 




75 




100 






V/mV 


OUTPUT CHARACTERISTICS 




















Voltage 


RLOADS2kn 


-H3, -12.5 +13 9,-13.3 


+ 13,-12.5 


+ 13.9,-13 3 


+ 13,- 


-12.5 +13.9,-13.3 




V 




T^ntoT^ 


±12/±12/±12 +13.8,-13 1 


±12 


+ 13 8,-13.1 


±12 


+ 13 8,-13.1 




V 


Current 


Short-Circuit 




25 




25 




25 




mA 


POWER SUPPLY 




















Rated Performance 






±15 




±15 




±15 




V 


Operating Range 




±4.5 


±18 


±4.5 


±18 


±4.5 




±18 


V 


Quiescent Current 






7.0 10.0 




7 8.0 




70 


8.0 


mA 


TEMPERATURE RANGE 




















Operatmg, Rated Performance 




















Commercial (0 to + 70°C) 






AD746J 




AD746K 










Industnal(-40°Cto+85°C) 






AD746A 




AD746B 




AD746C 






MUitary(-55°Cto + 125°C) 






AD746S 




AD746T 










PACKAGE OPTIONS'' 




















SOIC(R-8) 






AD746JR 














Plastic (N-8) 






AD746JN 




AD746KN 










Cerdip(Q-8) 






AD746AQ,AD746SQ 




AD746BQ,AD746TQ 




AD746CQ 






TO-99(H-08A) 






AD746AH,AD746SH 




AD746BH,AD746TH 




AD746CH 







NOTES 

'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = + 25°C. 
^PSRR test conditions +Vs = 15V, -Vs= 12Vtol8Vand +Vs = 12Vtol8V, -Vs= -15V. 

*Bias Current Specifications are guaranteed maxunum at either mput after 5 minutes of operation at Ta = + 25°C Specificauons subject to change without nouce . 
For higher temperature, the current doubles every 10°C 
^Matching is defined as the difference between parameters of the two amplifiers. 
^Defined as voltage between mputs, such that neither exceeds ± lOV from ground 



^Typically exceeding - 1 4 1 V negative common-mode voltage on either mput results m an output phase reversal ^^ tested on all production units 



'Open-Loop Gam is specified with Vqs both nulled and unnuUed. 
'See Section 16 for package outline information 



Specificauons m boldface are tested on all production umts at fmal electrical test Results from those tests are used to 
calculate outgomg quality levels All mm and max specificauons are guaranteed, although only those shown in boldface 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage ± I8V 

Internal Power Dissipation 500mW 



Input Voltage 



:18V 



Output Short-Circuit Duration Indefinite 

Differential Input Voltage + Vs and - Vs 

Storage Temperature Range Q, H -65°C to + 150°C 

Storage Temperature Range N - 65°C to + 125°C 

Operating Temperature Range 

AD746J/K to +70X 

AD746A/B/C -40°Cto +85X 

AD746S/T -55°C to + 125X 

Lead Temperature Range (Soldering 60sec) + BOO^^C 

NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi- 
cated in the operational section of this specification is not implie^l Exposure 
to absolute maximum rating conditions for extended periods«liia^^fect 
device reliability. <!<'"' "'il ""%■ 

^For supply voltages less than ± 18V, the absolute ,max%«n^ J^iput voltage 
is equal to the supply voltage , '' '':' , 
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2-152 OPERATIONAL AMPLIFIERS 




ANALOG 
DEVICES 



Single Supply, Low Power 
Precision Op Amp 




FEATURES 

True Single Supply Operation: 

Input and Output Voltage Ranges 

Include Ground 
Output Voltage Swing to 50mV of Each Rail 
Low Power: 400|JiA Supply Current max 
250(jiV Input Offset Voltage 
1.3MHz Gain Bandwidth Product 
3V/tJis Slew Rate 
Single and Dual Supply Capability 

APPLICATIONS 

Battery Powered Precision Instrumentation 

Strain Gage Signal Conditioners 

Instrumentation Amplifiers 

Thermocouple Amplifiers 
Multiple Limit Threshold Detection 
12- to 14-Bit Data Acqusition Systems 
Available in 8-Pin Plastic Mini-DIP, SOIC and 

Hermetic Cerdip Packages 
Dual Version - AD822, Quad Version - AD824 ^|< 

Available 



PRODUCT DESCRIPTION r ! ^,^ 

The AD821 is a precision, iowif^o^erV' FET input i^pnolit^jp 6p 
amp that can operate from a single supiply of ~i'4.7S%||#/+ 36V 
or dual supplies of ±2.4V to ± ISV. It has trus' siiagle su 
capability with its input voltage range inclu^g the negat! 
rail, allowing the AD821 to accommodate input signals do^ 
ground in the single supply mode. Its output voltage swing 
extends to within 50mV of each rail providing the maximum 
possible output dynamic range to the user. 

Low input offset voltage (250|jlV max), low offset voltage drift 
{S\lW/°C max), low input bias current (<10pA) and low supply 
currents (400(xA max) mark the AD821 with true dc precision 
at low power operating conditions. Combined with unity gain 
bandwidth of 1.3MHz and 3V/^jls slew rate, the AD821 offers 
the best combination of ac and dc specs to the single supply op 
amp user. Performance in 12- to 14-bit applications is ensured 
with the AD82rs low noise 26nV/VHz), high open-loop gain 
(lO^V/mV) and 4fjLS settling to 0.01%. 
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-Vs 
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AD821 
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AD821 FUNCTIONAL BLOCK DIAGRAM 



+ Vs 

VoUT 

NC 



8-Piii Plastic Mini-DIP 
SO and Cerdip 

21 i^^n excellent choice for battery powered precision 
me^gio^^pglications - wherein the extended input and 

rafcpa^d the AD821 its versatility in these 
catli 

2\ is available in five performance grades. The AD821J 

IK are rated over the commercial temperature range 

eC. The AD821A and AD821B are rated over the 

triM" temperature range of -40°C to +85°C. The AD821S 

over the military temperature range of - 55°C to + 125°C 

is available processed to MIL-STD-883B, Rev. C. 

Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature range. PLUS screening 
includes a 168 hour burn-in, as well as other environmental and 
physical tests. 

PRODUCT HIGHLIGHTS 

1 . True single supply operation - input voltage range includes 
the negative rail. 

2. Output voltage range extends to 50m V of each rail. 

3. Low power, low supply current. 

4. Common-mode rejection of 90dB and open-loop gain of 
lO^V/mV ensure 12- to 14-bit accuracy in high-speed data 
acquisition circuits. 

5. Dual version - AD822, quad version - AD824 also available. 
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or hb I r [ U A I i U No (@ + 25°C unless othenvise noted) 



Model 






AD821J/A/S 




AD821B/K 






Conditions' 


Min 


Typ Max 


Min 


Typ Max 


Units 


INPUT CHARACTERISTICS 














Input Offset Voltage^ 


VcM = 














Condition l,Vo = 0V 




0.3 1* 




0.1 0.25* 


mV 




Condition 2, Vo= 1.4V 




0.3 1* 




0.1 0.25* 


mV 




Tn„ntoT„,ax 




1.5/1.6/2* 




0.4* 


mV 


Input Offset Voltage Drift 






10* 




3* 


M.V/°C 


Input Bias Current^ 






15 30 




10 20 


pA 




Tn„ntoT^,, 




0.68/2/30 




5/1.3 


nA 


Input Offset Current 






5 15 




3 7 


pA 




TmmtoT^^x 




0.34/0.96/15 




0.16/0.45 


nA 


Input Resistance 


Differential 




5x 10 




5x10 


n 


Input Capacitance 






3 




3 


pF 


Common-Mode Voltage Range 


Condition 1 


-Vs 


+ Vs-1 


-Vs 


+ Vs-1 


V ' 




Condition 2 


-Vs 


+ Vs-1 


-Vs 


+ Vs-1 


V 


Differential Voltge Range"* 


Condition 1 


-Vs- 


-0.6 4-VS + 0.6 


-Vs- 


6 +Vs + 0.6 


V 




Condition 2 


-Vs- 


-0.6 +Vs + 0.6 


-Vs- 


6 +Vs + 0.6 


V 


Common-Mode Rejection 


Condition 1 

VcM=±12V,Vo = 0V 


80* 




90* 




dB 




Condition 2 


80* 




90* 




dB 




V(M = Oto2.5V,Vo=l 4V 












Power Supply Rejection Ratio 


Condition 1 


80* 




90* 




dB 




Condition 2 


80* 




90* 




dB 




4 5< + Vs<5.5,Vo=l 4V 












Input Noise Voltage 


f = lOHz 




90 A. 1 

90 ,i0lk/%. 




90 


nV/VHi 




f = lOOHz 






90 


nV/VHi 




f=lkHz 




50 . €A 


* 


50 


nV/VHz 




f = lOkHz 




33^ 1%.%'^ 




33 


nV/VH^ 




f = lOOkHz 








21 


nV/VHz 


Input Noise Current 


f=lkHz 




4 ^Aif f^' ' * % 




0.01 


pA/VHz 


OUTPUT CHARACTERISTICS 




f/fj 


|^"^;f% ^Jl 


# 






Output Voltage Swing 


Condition 1, Condition 2 


^tk': 1 


fs' 








2k(l Load '% 


m W' 


}m^ max f wn pich B^i%, 


1 50m V max from Each Rail 






lOkllLoad _^^,^ "||| '1 


l%.a 


I^S^"" 


lOOmV max from Each Rail 






Condition 2 .im /,, m m 






V 




1mA Smk04/b, Wf ,,, ^P 


*i« 


lOOmV max from Ground 




Short-Circuit Current 


Soi||^/||^^^_ %/#■ ^^1 


.»% 


#^|/%o ^^^. ^%»t,. 




30 


mA 


GAIN 
Open Loop 


2knLoad % '*' 


,g0 


'^ fel^ ^ 










50% 


'% fsOOo' 


500 


1,000 


V/mV 




lOkll Load *' 


i,ooq 


%J 10,000 


1,000 


10,000 


V/mV 




Condition 2 




w 










Vo = 0.5Vto4.5V 














2kn Load 


500 


1,000 


500 


1,000 


V/mV 




lOkn Load 


1,000 


10,000 


1,000 


10,000 


V/mV 


DYNAMIC CHARACTERISTICS 














Gain Bandwidth Product 






1.3 




1.3 


MHz 


Rated Performance 














Full Power Bandwidth 






48 




48 


kHz 


Slew Rate 






3 




3 


V/fxs 


Settling Time 


lOV Step to 0.1% 




4 




4 


|JLS 


POWER SUPPLY 














Operating Voltage Range 


Differential 


+ 4* 


+ 36* 


+ 4* 


+ 36* 


V 


Quiescent Current 






400* 




400* 


jiA 


TEMPERATURE RANGE 














Rated Performance 














Commerical(0to+70°C) 






AD821JN,AD821JR 




AD821KN 




Industrial (-25°C to +85°C) 






AD821AQ 




AD821BQ 




Military (-55°C to 4- 125°C) 






AD821SQ 








PACKAGE OPTIONS' 














Plastic (N-8) 






AD821JN 




AD821KN 




Cerdip(Q-8) 






AD821AQ,AD821SQ 




AD821BQ 




S0IC(R-8) 






AD821JR 









NOTES 

•Indicates parameter guaranteed and tested 

'Condition 1 ± 1 5V power supply , Condition 2 + 5V power supply 
^Input offset voltage specifictions are guaranteed after Sminutes of operation at Ta = 25°C. 
'Bias Current specifications are guaranteed maximum at either input after Sminutes of operation at Ta = + 25°C. 
For higher temperature, the current doubles every 10°C. 



■* Defined as voltage between inputs 

'See Section 16 for package outline information 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ± 36V 

Output Short-Circuit Duration Indefinite 

Internal Power Dissipation 

Plastic TBD 

Cerdip 1.6W 

SOIC TBD 

Storage Temperature Range -65°C to + 150°C 

Operating Temperature Range 

AD821J/R to +70X 

AD821A/B -40°C # +85°C 

AD821S -|4|?^+125°C 

Maximum Junction Temperature ...... Sj^||, • ''^^ 150°C 

Lead Temperature Range (Soldering ^Oself %,,,_ % ""f\ + 260°C 
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2-156 OPERATIONAL AMPLIFIERS 




ANALOG 
DEVICES 



Wideband, 
Fast Settling Op Amp 




FEATURES 
AC PERFORMANCE 

Gain Bandwidth Product: 400IVIHz (Gain = 10) 
Fast Settling: 100ns to 0.01% 
Slew Rate: 400V/|jis 
Stable at Gains of 10 or Greater 
Full Power Bandwidth: 6.4MHz for 20V p-p into a 
soon Load 

DC PERFORMANCE 

Input Offset Voltage: 0.5m V max 

Input Offset Drift: 5|jlV/X max 

Input Voltage Noise: 3nV/VHz 

Open-Loop Gain: 200V/mV into a Ikll Load 

Output Current: 50mA min 

Supply Current: 12mA max 

APPLICATIONS 

Video and Pulse Amplifiers 

DAC and ADC Buffers 

Line Drivers 

Available in 14-Pin Plastic DIP and Hermetic Cerdip 

Packages 
Chips and MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 

The AD840 is a member of the Analog D^ 

bandwidth operational amplifiers. T\\ 

family includes, among others, ,0 

stable and the AD842, which is '^15le It a g£uq 

and has 100mA minimum output wirren|;^ve/|J 

are fabricated using Analog Devices' junctic^^jisoKed con 

plementary bipolar (CB) process. This procesV permits a coil 

nation of dc precision and wideband ac performance previously 

unobtainable in a monoHthic op amp. In addition to its 400MHz 

gain bandwidth product, the AD840 offers extremely fast settling 

characteristics, typically settling to within 0.01% of final value 

in 100ns for a 10 volt step. 

The AD840 remains stable over its full operating temperature 
range at closed-loop gains of 10 or greater. It also offers a low 
quiescent current of 12mA maximum, a minimum output current 
drive capabihty of 50mA, a low input voltage noise of 3nV/VHz, 
and a low input offset voltage of 0.5mV maximum. 

The 400V/JJLS slew rate of the AD840, along with its 400MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high-frequency signal conditioning circuits and wide 
bandwidth active filters. The extremely rapid settling time of 
the AD840 makes it the preferred choice for data acquisition 
appHcations which require 12-bit accuracy. The AD840 is also 
appropriate for other applications such as high-speed DAC and 
ADC buffer amplifiers and other wide bandwidth circuitry. 



AD840 CONNECTION DIAGRAM 

Plastic DIP (N) Package 

and 

Cerdip (Q) Package 





TI9|4 HIGHLIGHTS 

si^ r^jte and fast settling time of the AD840 make 
kf^tt and ADC buffers, line drivers, and all types 
instrumentation circuitry. 

AD840 is truly a precision amplifier. It offers accuracy 
to J4% or better and wide bandwidth, performance previously 
» M ^^y ^^ hybrids. 

3. %|ie mD840's thermally balanced layout and the speed of the 
process allow the AD840 to settle to 0.01% in 100ns 

without the long "tails" that occur with other fast op amps. 

4. Laser wafer trimming reduces the input offset voltage to 
0.5mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins 
are provided for additional versatility. 

5. Full differential inputs provide outstanding performance in 
all standard high-frequency op amp applications where circuit 
gain will be 10 or greater. 

6. The AD840 is an enhanced replacement for the HA2540. 
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SPECIFICATIONS, 



+ 2bX and ± 15V dc, unless otherwise noted) 



Model 




AD840J 






AD840K 






AD840S 








Conditions 


Min Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE^ 


Tm.n-Tn,ax 


0.2 


1 

1.5 




0.2 


0.5 
0.7 




0.2 


1 

2 


mV 
mV 


Offset Drift 






10 






5 






10 


tJLV/°C 


INPUT BIAS CURRENT 


Tmm-T„ax 


3.5 


8 
10 




3.5 


5 
6 




3.5 


8 
12 


piA 

nA 


Input Offset Current 


Tm,n-T„.ax 


0.1 


0.4 

0.5 




0.1 


0.2 
0.3 




0.1 


0.4 
0.6 


jxA 
f.A 


INPUT CHARACTERISTICS 


Differential Mode 




















Input Resistance 




30 






30 






30 




ka 


Input Capacitance 




2 






2 






2 




PF 


INPUT VOLTAGE RANGE 






















Common Mode 




±10 




±10 






±10 






V 


Common-Mode Rejection 


VcM=±10V 

Tmin-T„,ax 


90 110 

85 




100 
90 


110 




90 

85 


110 




dB 
dB 


INPUT VOLTAGE NOISE 


f = IkHz 


3 






3 






3 




nV/VHi 


Wideband Noise 


lOHztolOMHz 


10 






10 






10 




|xVrms 


OPEN LOOP GAIN 


Vo= ±10V 








■4iiif. 1 














Rload^" Ikn 


100 200 




150 


^,0;!pT^l^i!^, 




100 


200 




V/mV 




T„..„-T„,ax 


50 80 




75 ''^ 


4 Mj(p '% 




50 


80 




V/mV 




RLOAD=500n 


75 






5 '* 




75 






V/mV 




T™n-T„,ax 


50 


...,s^:ik..^ %. 






35 






V/mV 


OUTPUT CHARACTERISTICS 
Voltage 


RLOAD^SOOa 


!#| 


\^< 


'■i^ 


'"%. 


ih 












Tm,n-T„,ax 


±10 i;hMi 


k/P' 


0m 




±10 






V 


Current 


VoUT=±10V 


n %^% 


"" ...■% 


# . 


■ :.: 




50 






mA 


OUTPUT RESISTANCE 


Open Loop ^,0^ 


^ %, .%^' „ 


m^k' 


%:.>^' 


15 




15 


n 


FREQUENCY RESPONSE 


.,f0li'% 


*;,^^ % 


1%^ 




% 












Gain Bandwidth Product 


^oiivmpAyiim '^ 


^' ,fm'Y^" 


vs#' t 


^\>o 














C^^% ^, 




* 411' 


%. 1 






400 




MHz 


Full Power Bandwidth^ 


,iiji',gfli, %fijf'' 


'lljiii'jf 


%, ' 


■•' 














Ri^sin ^' 


w^ V#^ 


'., ^1 ;llk 


ff^ 


6.4 




5.5 


6.4 




MHz 


Rise Time 


AvcL=10 '"% 


%* W ''' 




10 






10 




ns 


Overshoot 


AvcL=10 


1 20 %„ 


,1^ 




20 






20 




% 


Slew Rate 


AvcL=10 


350 400 # 


' 


350 


400 




350 


400 




V/,jis 


SettlingTime-lOVStep 


AvcL=10 
to 0.1% 
to 0.01% 


80 
100 






80 
100 






80 
100 




ns 
ns 


OVERDRIVE RECOVERY 


- Overdrive 
+ Overdrive 


160 
350 






160 
350 






160 
350 




ns 
ns 


DIFFERENTIAL GAIN 


f= 3.58MHz 


0.1 






0.1 






0.1 




% 


Differential Phase 


f= 3.58MHz 


0.1 






0.1 






0.1 




Degree 


POWER SUPPLY 






















Rated Performance 




±15 






±15 






±15 




V 


Operating Range 




±5 


±18 


±5 




±18 


±5 




±18 


V 


Quiescent Current 


T„u„-T^ax 


11 


12 

14 




11 


12 
14 




11 


12 
16 


mA 
mA 


Power Supply Rejection Ratio 


Vs=±5Vto±15V 

Tmin-T^ax 


90 100 

80 




94 
86 


100 




90 
80 


100 




dB 
dB 


TEMPERATURE RANGE 






















Rated Performance^ 







+ 75 







+ 75 


-55 




+ 125 


°C 


PACKAGE OPTIONS'* 






















Cerdip(Q-14) 




AD840JQ 






AD840KQ 






AD840SQ 






Plastic (N- 14) 




AD840JN 






AD840KN 













NOTES 

'Input offset voltage specifications are guaranteed after 5 minutes at Ta = + 25°C. 

^Full power bandwidth = slew rate/2 tt Vpeak • 

^"S" grade is tested with automatic test equipment at Ta = - 55°C and Ta = + 125°C. 

*See Section 16 for package outline information. 

All min and max specifications are guaranteed, although only those shown m boldface are tested on all production units. 

Specifications subject to change without notice. 
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ANALX)G 
DEVICES 



Wideband, Unity-Gain Stable, 
Fast Settling Op Amp 




FEATURES 

AC PERFORMANCE: 

Unity-Gain-Bandwidth Product: 40IVIHz 

Fast Settling: 110ns to 0.01% 

Slew Rate: 300V/(jis 

Stable at Gains of 1 or Greater 

Full Power Bandwidth: 4.7MHz 

DC PERFORMANCE 

Input Offset Voltage: ImV max 

Input Offset Drift: 25(jlV/X 

Input Voltage Noise: 13nV/VHz 

Open-Loop Gain: 50V/mV into a 50011 Load 

Output Current: SOmA min 

Supply Current: 12mA max 

APPLICATIONS 

Video and Pulse Amplifiers 

Active Filters 

High-Frequency Signal Conditioning Circuitry 

Available in Plastic DIP, Hermetic Metal Can 

and Hermetic Cerdip Packages 
MIL-STD-883B Parts Available 



PRODUCT DESCRIPTION 

The AD841 is a member of the Analogs 
bandwidth operational amplifiers., 
others, the AD840, which is 
and the AD842, which is stal^it aFiain of, 
has 100mA output current dri\%t The^g.- 
using Analog Devices' junction isolated 
(CB) process. This process permits a coml 






AD841 CONNECTION DIAGRAMS 



Plastic DIP (N) Package 

and 

Cerdip (Q) Package 



TO-8 (H) Package 



f^pliy of 

[iblude^j, ai 

of l(fe*-8r»:. 

'aj^ei&t)ncated 

,plllffentary.^ll 
lation of dc 



and wideband ac performance previously unobtainable in I 
monolithic op amp. In addition to 40MHz unity-gain bandwidth, 
the AD841 offers extremely fast settling characteristics, typically 
settling to within 0.01% of final value in less than 11 0ns for a 
10 volt step. 

The AD841 is remarkably easy to use: it only requires two 
0.01 |xF decoupling capacitors, one for each power supply line. 
External compensation is not required. It remains stable over its 
full operating temperature range. The AD841 also offers a low 
quiesent current (12mA), high output current drive capablity 
(50mA), low input voltage noise (IBnV/VHz), and low input 
offset voltage (ImV). 

The 300V/|xs slew rate of the AD841, along with its 40MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high-frequency signal conditioning circuits and high- 
bandwidth active filters. The extremely rapid settling time of 



makes this amplifier the preferred choice for data 
uipiion applications which require 12-bit accuracy. The 
A1&841 is also appropriate for other applications such as high-speed 
^^integrators and sample and hold circuitry. 



APPLICATION HIGHLIGHTS 

1. The high slew rate and fast settling time of the AD841 make 
it ideal for D/A, A/D, sample-and-hold amplifiers, high-speed 
integrators, and video instrumentation circuitry. 

2. The AD841 is a precision amplifier. It offers accuracy to 
0.01% or better and wide bandwidth; performance previously 
available only in hybrids. 

3. Laser wafer trimming reduces the input offset voltage to 
ImV max, thus eliminating the need for external offset nulling 
in many applications. Offset null pins are provided for greater 
versatility. 

4. Full differential inputs provide outstanding performance in 
all standard high-frequency op amp applications such as 
signal conditioning and active filters. 

5. The AD841 is an enhanced replacement for the HA254L 
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arLuiriuHilur 


lO ((a) + 25^ and ± 15V dc, unless otherwise noted) 












Model 






AD841J 




AD841K 






AD841S 








Conditions 


Min 


Typ 


Max 


Min Typ 


Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE ' 


Tm.n-Tn,ax 




0.5 


1.5 

3.0 


0.5 


1 
2.0 




0.5 


1.5 
4.5 


mV 
mV 


Offset Drift 








25 




25 






25 


|xV/°C 


INPUT BIAS CURRENT 


Tmm-Tn,ax 




3.5 


8 

10 


35 


5 
6 




35 


8 
12 


^A 
fxA 


Input Offset Current 


Tmm-Tn,ax 




1 


0.4 

0.5 


0.1 


0.2 
0.3 




0.1 


0.4 
0.6 


^A 


INPUT CHARACTERISTICS 






















Input Resistance 






200 




200 






200 




kil 


Input Capacitance 






1.0 




1.0 






1.0 




pF 


INPUT VOLTAGE RANGE 






















Common Mode 




±10 






±10 




±10 






V 


Common-Mode Rejection 


VcM--±10V 
Tmm-Tmax 


86 

80 


100 




90 100 
86 




86 
80 


100 




dB 
dB 


INPUT VOLTAGE NOISE 


f-lkHz 




13 




13 






13 




nW/Vm 


Wideband Noise 


lOHztolOMHz 




40 




,/i40 






40 




IJiVrms 


OPEN LOOP GAIN 


Vo-±10V 








^M 














R,OAD^500il 


25 


50 




in ''¥ 




25 


50 




V/mV 




Tm.n-Tmax 


12 




■011, 


/¥% 




12 






V/mV 


OUTPUT CHARACTERISTICS 








% i; 


%▼■ 












Voltage 


Ru)AD^500ii 


±10 


.# "^^ 


h^^k'i 


' -1^"% 




±10 






V 


Current 


VoLT-:^10V 


50 


tiff %■; % 


.;my' 


*fekV' 




50 






mA 


Output Resistance 


open Loop 


4& 


ill %|, 


1 ^^^„^ 






5 




11 


FREQUENCY RESPONSE 




%% 


Sm^^ 


•$]. 9 


fir 40 












Unitv Gam Bandwidth 


VoLT = 90m^/4 


% 


^' "^Km."" 


Ik %!■ "% 






40 




MHz 


Full Power Bandwidth^ 


Vo-20V« .A ^^ 


|.#^' 


4% 


mil ''^^' 
















R1,^|^|W .^ 


'#'3 1 


%lk% 


W" 


§liJ 4 7 




3 1 


4.7 




MHz 


Rise Time 


,i0mwV^ 


#!► 


w% 


.r# 


w,Mi, ^^ 






10 




ns 


Overshoot 


tMMr^'' s 


*' 1 


i '^^ . 


^% 


f* 20 






20 




% 


Slew Rate 


»V(.I - 1 1* % 


#%// 


W 300 |1 


III!,, 4 


''"'200 300 




200 


300 




v/^ls 


SettlingTime-lOVStep 


*vc. m 1 

too 1% % 
to 01% ^^ 


10^ 


^1 


^ ■'" 


80 
110 






80 
110 




ns 
ns 


Differential Gain 


f= 3 58MHz 




'f*'i' 




1 






0.1 




% 


Differential Phase 


f= 3.58MHz 




1 




1 






0.1 




Degree 


POWER SUPPLY 






















Rated Performance 






±15 




±15 






±15 




V 


Operating Range 




±5 




±18 


±5 


±18 


±5 




±18 


V 


Quiescent Current 


T„,,n-T„a, 






12 

14 




12 
14 






12 
16 


mA 
mA 


Power Supply Rejection Ratio 


±5Vto ±18V 

Tm>n-Tmax 


86 

80 


100 




90 100 
86 




86 
80 


100 




dB 
dB 


TEMPERATURE RANGE 






















Rated Performance 









+ 75 





f75 


-55 




+ 125 


°C 


PACKAGE OPTIONS^ 






















Plastic (N- 14) 






AD841JN 




AD841KN 












Cerdip(Q-14) 






AD841JQ 




AD841KQ 






AD841SQ 






Metal Can (H-12A) 






AD841JH 




AD841KH 






AD841SH 







NOTES 

' Input offset voltage specifications are guaranteed after 5 minutes at Ta = + 25"C 

^FPBW SlewRate/2TTV,.,AK 

^See Section 1 6 for package outline information. 

Specifications subject to change without notice 

Specifications shown in boldface are tested on all production units at final electrical test Results from those tests are used to 

calculate outgoing quality levels All mm and max specifications are guaranteed, although only those shown in boldface 

are tested on all production units ' 
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ANALOG 
DEVICES 



Wideband, High Output Current, 
Fast Settling Op Amp 



AD842 



FEATURES 

AC PERFORMANCE 

Gain Bandwidth Product: SOiVIHz (Gain = 2) 

Fast Settling: 100ns to 0.01% 

Slew Rate: 375V/|jis 

Stable at Gains of 2 or Greater 

Full Power Bandwidth: 6.0MHz 

DC PERFORMANCE 

Input Offset Voltage: ImV max 

Input Offset Drift: lOfjiV/X max 

Input Voltage Noise: 9nV/VHz typ 

Open-Loop Gain: 90V/mV into a 500X1 Load 

Output Current: 100mA min 

Quiescent Supply Current: 14mA max 

APPLICATIONS 

Line Drivers 

DAC and ADC Buffers 

Video and Pulse Amplifiers 

Available in Plastic DIP, Hermetic Metal Can 

and Hermetic Cerdip Packages 
MIL-STD-883B Parts Available. 



PRODUCT DESCRIPTION ^ % 

The AD842 is a member of the Analog Deviges fai^i% 5llvid.e 
bandwidth operational amplifiers. This^^^^il^'iiicluiesVamoi _ 
others, the AD840 which is stable ^]^^..^^^f %'6r grpat%^i|i""'%',' 
the AD841 which is unity-gain g^P|^l|^lM^vicesr|ip%p^ 
using Analog Devices' juncti5||p)li^d tomglqan^tarj^^^ol'ar 
(CB) process. This process perl^ts a coipj^iil^i^fi M.#^ precisii 
and wideband ac performance previouii5^noB^tflible iff'tf^, | 
monolithic op amp. In addition to its 80iVf|lz gain band^dt|g ' ' 
the AD842 offers extremely fast settling characteristics, ty^f^ally 
settling to within 0.01% of final value in less than 100ns for a 
10 volt step. 

The AD842 also offers a low quiescent current of 13mA, a high 
output current drive capablity (100mA min), a low input voltage 
noise of 9nV/VHz and a low input offset voltage (ImV). 

The 375V/|JLS slew rate of the AD842, along with its 80MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high frequency signal conditioning circuits and high- 
bandwidth active filters. The extremely rapid settling time of 
the AD 842 makes this amplifier the preferred choice for data 
acquisition applications which require 12-bit accuracy. The 
AD842 is also appropriate for other applications such as high-speed 
DAC and ADC buffer amplifiers and other wide-bandwidth 
circuitry. 



AD842 CONNECTION DIAGRAMS 

Plastic DIP (N) Package 
and 

Cerdip(Q) Package) 3,,,,^^, 



T0-8(H) Package 





BOTTOM VIEW 



NOTE CAN TIED TO V + 
NC = NO CONNECT 



TION HIGHLIGHTS 

slew rate and fast settling time of the AD842 make 
eal for DAC and ADC buffer amplifiers, line drivers and 
all types of video instrumentation circuitry. 

2. The AD842 is a precision amplifier. It offers accuracy to 
0.01% or better and wide bandwidth; performance previously 
available only in hybrids. 

3. Laser- wafer trimming reduces the input offset voltage to 
ImV max, thus eliminating the need for external offset nulling 
in many applications. 

4. Full differential inputs provide outstanding performance in 
all standard high frequency op amp applications where the 
circuit gain will be 2 or greater. 

5. The AD842 is an enhanced replacement for the HA2542. 
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OrLbiribHIIUI 


llO(@+25n;and 


± 15V dc, unless odierwise noted) 














Model 






AD842J 




AD842K 






AD842S 










Min 


Typ Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE* 


Tmin-Tmax 




0.5 1.5 

2.5 




0.5 


1 
1.5 




0.5 


1.5 
3.5 


mV 
mV 


Offset Drift 






20 






10 






20 


ViWrC 


INPUT BIAS CURRENT 


Tm,n-Tn«« 




3.5 8 
10 




3.5 


5 
6 




3.5 


8 
12 


M-A 


Input Offset Current 


Tnun-T„.ax 




0.1 0.4 

0.5 




0.1 


0.2 
0.3 




0.1 


0.4 
0.6 


y.A 

M.A 


INPUT CHARACTERISTICS 






















Input Resistance 


Differential Mode 




100 




100 






100 




kn 


Input Capacitance 






1.0 




1.0 






1.0 




pF 


INPUT VOLTAGE RANGE 






















Common Mode 




±10 




±10 






±10 






V 


Common-Mode Rejection 


VcM=±10V 

* nun~ * max 


86 

80 


100 


90 
86 


100 




86 
80 


100 




dB 
dB 


INPUT VOLTAGE NOISE 


f = IkHz 




9 




9 






9 




nV/\^ 


Wideband Noise 


lOHztolOMHz 




28 




28 ,„ 






28 




ttVrms 


OPEN LOOP GAIN 


Vo=±10V 








. %l 


/ 












RLOAD^SOOn 


40 


90 


50 


•f *^^ 


^ 


40 


90 




V/mV 




Tmin-Tmax 


20 




^^A 


/%% 


,»,;,/ 


20 






V/mV 


OUTPUT CHARACTERISTICS 






( 




hS 












Voltage 


RLOAD^lkn 


±10 


^:0 


:%M 


*?, % 




±10 






'V 


Current 


VouT=±10V 


100 




fJ^' 


100 






mA 


Output Resistance 


Open Loop 




# 


% ¥:h:^ 




5 




n 


FREQUENCY RESPONSE 






\\*t* , 


iiA 


.^ 












Gain Bandwidth Product 


VouT = 90mV 




/%;'i'i 


ij^ 














AvcL=2 4 


'^:^ 


1^1 ♦ 


80 






80 




MHz 


Full Power Bandwidth^ 


Vo = 20Vp-||#^| '' 

AvcL = % 

AvcL = 2 /'* 




1^. 




4.7 


6 




MHz 


Rise Time 
Overshoot 
Slew Rate 


,/300'?^' 




fio 

. 20 

375 




300 


10 
20 

375 




ns 

% 
V/fjis 


Settling Time 


lOVStep 


















to 0.1% 


' 




80 






80 




ns 




to 0.01% 




100 '' 




100 






100 




ns 


Differential Gain 


f= 3.58MHz 




0.1 




0.1 






0.1 




% 


Differential Phase 


f= 3.58MHz 




0.1 




0.1 






0.1 




Degree 


POWER SUPPLY 






















Rated Performance 






±15 




±15 






±15 




V 


Operating Range 




±5 


±18 


±5 




±18 


±5 




±18 


V 


Quiescent Current 


Tnun-T^ax 




14 
16 






14 
16 






14 
19 


mA 
mA 


Power Supply Rejection Ratio 


Vs=±5Vto±15V 


86 

80 


100 


90 
86 


100 




86 
80 


100 




dB 
dB 


TEMPERATURE RANGE 






















Rated Performance 







+ 75 







+ 75 


-55 




+ 125 


°C 


PACKAGE OPTIONS^ 






















Plastic (N-14) 






AD842JN 




AD842KN 












Cerdip(Q-14) 






AD842JQ 




AD842KQ 






AD842SQ 






TO-8(H-12A) 






AD842JH 




AD842KH 






AD842SH 







NOTES 

'Input offset voltage specifications are guaranteed after 5 minutes at Ta = + 25' 

^FPBW = Slew Rate/2'jr Vpeak- 

^See Section 16 for package outline information. 

Specifications subject to change without notice. 

Specifications marked m boldface are tested on all production units at final elec- 
trical test. 
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□ 



ANALOG 
DEVICES 



Precision 16MHz 
CBFET Op Amp 



AD845 



FEATURES 

Replaces Hybrid Amplifiers in Many Applications 

AC PERFORMANCE: 

Settles to 0.01% in 350ns 

100V/)is Slew Rate 

12.8MHz min Unity-Gain Bandwidth 

1.75MHz Full-Power Bandwidth at 20V p-p 

DC PERFORMANCE: 
0.25mV max Input Offset Voltage 
5|jlV/°C max Offset Voltage Drift 
0.4nA Input Bias Current 
250V/mV min Open-Loop Gain 
4(tV p-p max Voltage Noise, 0.1Hz to 10Hz 
94dB min CMRR 

Available in Plastic Mini-DIP and Hermetic Cerdip 
Packages 



PRODUCT DESCRIPTION 

The AD845 is a fast, precise, N channel JFET input, 

operational amplifier. It is fabricated using Analo^De^ 

complementary bipolar (CB) process. Advancec^^p 

trimming technology enables the very ioj 

and offset voltage drift performance t< 

when coupled with a slew rate 

bandwidth of 16MHz, and, 

while driving a parallel loadW lOC^' an| 

combination of features immaMied b: 

The AD845 can easily be used to upgral 

which use BiFET or FET input hybrid a1 

cases, those which use bipolar op amps. 

The AD845 is ideal for use in applications such as active filters, 
high-speed integrators, photo diode preamps, sample and hold 
amplifiers, log amplifiers, and in buffering A/D and D/A 
converters. The 250)jlV max input offset voltage makes offset 
nulling unnecessary in many applications. The common-mode 
rejection ratio of 1 lOdB over a ± lOV input voltage range represents 
exceptional performance for a JFET input high-speed op amp. 
This, together with an open-loop gain of 250V/mV ensures 
that 12-bit performance is achieved, even in unity gain buffer 
circuits. 



AD845 CONNECTION DIAGRAM 

8-Pin Plastic (N) and 
and Cerdip (Q) Packages 



NULL 1 
-INPUT 
+ INPUT 



r[7 
'E 

-V [T" 



rop VIEW 


8 


K, 


7 


\>>^ 


6 


AD845 


5 



+v 

OUTPUT 
NC 




%, JNOTE: PIN 4 CONIMECTED TO CASE 



84| conforms to the standard 741 pinout except that 
UiSkis |o V + . The AD845J and AD845K grade devices 
^Icified to operate over the commercial to + 70°C 
re range. AD845A and AD845B devices are specified 
leration over the - 40°C to + 85°C industrial temperature 
The AD845S is specified to operate over the full military 
iture range of - 55°C to + 125°C. Both the industrial 
ry versions are available in 8-pin cerdip packages. The 
ercial version is available in an 8-pin plastic mini-DIP. 

PRODUCT HIGHLIGHTS 

1. The high slew rate, fast settling time, and dc precision of the 
AD845 make it ideal for high-speed applications requiring 
12-bit accuracy. 

2. The performance of circuits using the LF400, OP-42, OP-16, 
OP-17, LT1022, LT1056, HA2510, AD381, and AD382 can 
be upgraded in most cases. 

3. The AD845 is unity-gain stable and is internally 
compensated. 

4. The AD845 is specified while driving lOOpF/SOOH loads. 
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SPECIFICATIONS, 



> + 25°C and ± 15V dc, unless otherwise noted) 



Model 




AD845J/A 


AD845K/B 






AD845S 








Conditions 


Min Typ Max 


Min Typ 


Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE' 


















Initial Offset 




0.7 1.5 


0.1 


0.25 




0.25 


1.0 


mV 




T™n-T„,ax 


2.5 




0.4 






2.0 


mV 


Offset Drift 




20 


1.5 


5.0 






10 


fxV/°C 


INPUT BIAS CURRENT^ 


















Initial 


VcM=±10V 


500 1000 


250 


400 




500 


1000 


pA 




Tmm-Tmax 


30/65 




12/26 






1100 


nA 


INPUT OFFSET CURRENT 


















Initial 


VcM=±10V 


25 100 


15 


50 




25 


100 


pA 




Tmin — Tmax 


3/6.5 




1.2/2.6 






no 


nA 


INPUT CHARACTERISTICS 


















Input Resistance 




10" 


10" 






10" 




k(I 


Input Capacitance 




4.0 


4.0 






4.0 




pF 


INPUT VOLTAGE RANGE 


















Differential 




±20 


±20 




±20 






V 


Common Mode 




-1-10.5/- 13 


-H0.5/-13 f 

94 ,.,. '^ml 




-1-10.5/- 


-13 




V 


Common-Mode Rejection 


VcM=±10V 


86 110 




86 


110 




dB 


INPUT VOLTAGE NOISE 


O.ltolOHz 


4 


"€'Xa '^' 






4 




fxVp-p 

nV/VHz 




f = lOHz 


80 


t^'t 






80 






f = lOOHz 


60 „ % 






60 




nV/VH^ 




f = IkHz 
f- lOkHz 








25 
18 




nV/VS 
nV/VHz 




f = lOOkHz 






12 




nV/VHz 


INPUT CURRENT NOISE 


f = IkHz 


... \M^'' .A 


im » •■' 0.1 


0.1 


pA/VH^ 


OPEN-LOOP GAIN 


Vo=±10V J?. 


%do ,^^^^% ''■*■ 


!|_%r-;^*i- 




— ■ — -_ 










RLOAD^:i;p% '^' 


■ 250 ■0,^ 500 




200 


500 




V/mV 






C "^^"^ 




100 

70 


250 




V/mV 
V/mV 


OUTPUT CHARACTERISTICS 


"%' ..ff:t 

RLOAD-50on 




% ' 












Voltage 


■'' ± 12.5 




±12.5 






V 


Current 


Short Circuit 


50 






50 




mA 


Output Resistance 


Open Loop 


''W 












fl 


FREQUENCY RESPONSE 


















Small Signal 


Unity Gain 


12.8 16 


13.6 16 




13.6 


16 




MHz 


Full Power Bandwidth^ 


Vo=±10V 


















Rl=500a 


1.75 


1.75 






1.75 




MHz 


Rise Time 
















ns 


Overshoot 
















% 


Slew Rate 




80 100 


94 100 




94 


100 




V/^Ls 


Setthng Time 


lOVStep 
Cload = 200pF 
RLOAD = 500nF 














ns 
ns 




to 0.01% 


350 


350 


500 




350 


500 


ns 




to 0.1% 


250 


250 






250 




ns 


POWER SUPPLY 


















Rated Performance 




±15 


±15 






±15 




V 


Operating Range 




±4.75 ±18 


±4.75 


±18 


±4.75 




±18 


V 


Rejection Ratio 


Vs-±5to±15V 


88 110 


98 113 




88 


110 




dB 


Quiescent Current 


T„,.n-T^ax 


10 15 


10 


15 




10 


15 


mA 


TEMPERATURE RANGE 


















Operating, Rated Performance 




0/-40 75/85 


0/-40 


75/85 


-55 




+ 125 


X 


PACKAGE OPTIONS^ 


















Cerdip(Q-8) 




AD845AQ 


AD845BQ 






AD845SQ 






Plastic Mini-DIP(N-8) 




AD845JN 


AD845KN 













NOTES 

'input offset voltage specifications are guaranteed after 5 minutes of operation at T^ = + 25°C. 

^Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at Ta =^ + 25°C. 

^FPBW - slew rate/2TT V peak. 

'*See Section 16 for package outline information 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. All min and max specifications 

are guaranteed, although only those shown in boldface are tested on all production units. 
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ANALOG 
DEVICES 



Very High-Speed 
Operational Amplifier 




FEATURES 

AC PERFORMANCE 

Small Signal Bandwidth: 46IVIHz (Av= -1) 

Slew Rate: 450V/)is 

Full Power Bandwidth: 6.8MHz at 20V p-p, Rl = 50011 

Fast Settling: for 10V Step: 110ns to 0.01%, 

80ns to 0.1% 
Differential Gain: <0.1% @ 3.58MHz 
Differential Phase: <0.1° @ 3.58MHz 
Total Harmonic Distortion (THD): 0.0002% @ 100kHz 
Open-Loop Transimpedance: SOOMXl 

DC PERFORMANCE 

Input Offset Voltage: 75)jiV max (K Grade) 

Input Offset Drift: 2\i\/rC max (K Grade) 

Input Voltage Noise: 2nV/VHz 

Output Current: 50mA min 

Quiescent Supply Current: 6mA max 

APPLICATIONS 
High-Speed DAC Buffers 
Multiflash ADC Error Amplifiers 
Flash ADC Buffers 
Coaxial Cable Drivers 
High Performance Audio Circuitry 
Available in Plastic MIni-DIP, Hen 
Hermetic Metal Can Packaf**^' "'^ 
MIL-STD-883B Parts Ava^ 



PRODUCT DESCRIPTION 

The AD846 is a monolithic, very high-speed operational amplifier 
offering high performance. Although technically classed as a 
transimpedance amplifier, it may be used in much the same way 
as traditional op amps while providing significant performance 
benefits. Employing Analog Devices' junction isolated com- 
plementary bipolar (CB) process, the AD846 achieves true "12-bit" 
(0.01%) precision on critical ac and dc parameters, a level of 
performance unmatched by amplifiers fabricated using either 
the dielectrically isolated (DI) or other bipolar processes. 

The AD846 offers significant advantages over conventional 
high-speed operational amplifiers. It maintains a nearly constant 
bandwidth and settling time to 0.01% over a wide range of 
closed-loop gains. This makes the AD846 ideal for amplifying 
the residue in multiple-pass analog to digital converters. 

Other advantages include: low input errors and high open-loop 
transresistance (SOOMO) into a 5000 load, ensuring true 12-bit 
dc accuracy for closed-loop gains from - 1 to gains greater than 
- 100. This combination of ac and dc performance makes the 
AD846 an excellent choice for buffering precision high-speed 
DACs and flash ADCs. 



AD846 PIN CONFIGURATIONS 
TO-99(H) Package 



+ Vs 



COMPENSATION 



-Vs 

NOTE CAN TIED TO V + 

NO = NO CONNECT 

TOP VIEW 

Plastic DIP (N) Package 

and 

Cerdip(Q) Package) 





OUTPUT 
COMPENSATION 



NC = NO CONNECT 

The AD846 is available in three performance grades. The AD846J 
and AD846K are rated over the commercial temperature range 
of to +70°C. The AD846S is rated over the full military 
temperature range of - 55°C to + 125°C and is available processed 
to MIL-STD-883B, Rev C. 

Extended reliability PLUS screening is available specified over 
the commercial temperature range. PLUS screening includes 
168 hour burn-in as well as other environmental and physical 
tests. The AD846 is available in three types of 8-pin package: 
plastic mini-DIP, hermetic cerdip or TO-99 hermetic metal 
cans. 

PRODUCT HIGHLIGHTS 

1. The AD846 achieves settling times of 110ns to 0.01% for 
gains of - 1 to - 10, with a 450V/jxs slew rate, while consuming 
only 5mA of supply current. 

2. For closed-loop gains of - 1 to - 100, the high-speed per- 
formance of the AD846 is achieved without sacrificing full 
12-bit dc precision. 

3. The AD846 is well suited to line driver and video buffer 
applications where the properties of low distortion and high 
slew rate are required. 
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OFLuiriuHiiur 


IO(@+25Xand 


± 15Y dc. unless othemise noted) 












Model 




AD846J 




AD846K 






AD846S 








Conditions 


Min Typ 


Max 


Min Typ 


Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE' 




















Initial 




25 


300 


25 


150 




25 


300 


ttV 


T^n-Tnvax 




100 


400 


75 


250 




200 


800 


txV 


vs. Temperature 




2 


10 


1 


5 




2 


10 


^vrc 


vs. Supply 


8V-18V2 


















Initial 




110 125 




120 125 




110 


125 




dB 


Tmm-Tmax 




110 120 




116 120 




104 


116 




dB 


VS. Common Mode 


VcM=±10V 


















Initial 




110 125 




120 125 




110 


125 




dB 


T„„„-T„,ax 




110 120 




116 120 




104 


116 




dB 


INPUT BIAS CURRENT^ 




















- Input Bias Current 




















Initial 




75 


450 


75 


250 




75 


450 


nA 


T^.„-T^^ 




375 


900 


325 


600 




2100 


2700 


nA 


VS. Temperature 




6.5 


15 


5.5 


10 




20 


30 


nA/°C 


vs. Supply 


8V-18V2 


















Initial 




5 


10 


4 


7 




5 


10 


nAA^ 


Tmin~Tmax 




5 


10 


4 


£7 




5 


20 


nA/V 


VS. Common Mode 


VcM=±10V 






%. 


III 










Initial 




5 


10 


,,^^#%, ^ 


is 




5 


10 


nA/V 


Tm.n--T„,ax 




5 


10 


, ,r , ''%&li"'^i$, 


''l| 




5 


20 


nAA^ 


+ Input Bias Current 
Initial 

Tm.n-Tmax 




10 
12 


A% 


l\l^l % 


15 

20 




10 

14 


20 
30 


,xA 
^.A 


vs. Temperature 




40 1 




'""'*''' 'AiK "% 


|.^' 




40 


150 


nA/°C 


vs. Supply 


8V-18V^ 














Initial 

T^,n-T„,ax 

vs. Common Mode 
Initial 


VoM=±10V ■il 




15 
15 

10 




10 
10 

5 


25 
25 

15 


nA/V 
nA/V 


Tmm-Tmax 


.^,^!ku'%.r^^H 


^1% *' 


,,^# %%,. 


10 




5 


20 


nAA^ 


INPUT CHARACTERISTICS 

Input Resistance 


ij;^ '% %,^ 'V.' 
'hi-. 


.v'|J^^'\i/ 


^ ^ 
m 


h '% 












- Input 


^ '4^^^7 ^^^^ '^ 


% 67 






67 




n 


+ Input 




% "" 10 ^ 


% "% # 


10 






10 




kn 


Input Capacitance 




'4**? 














- Input 




2 


If/' 


2 






2 




pF 


+ Input 




2 




2 






2 




PF 


INPUT VOLTAGE RANGE 




















Common Mode 




±10 




±10 




±10 






V 


INPUT VOLTAGE NOISE 


F=lkHz 


2 




2 






2 




nV/VH^ 


Wideband Noise 


lOHztolOMHz 


5 




5 






5 




jjtVrms 


Input Current Noise 




















- Input 


IkHz 


20 




20 






20 




pA/VH^ 


- Input 


lOHz-lOMHz 


6 




6 






6 




nArms 


+ Input 


IkHz 


6 




6 






6 




pA/VHz 


+ Input 


lOHz-lOMHz 


20 




20 






20 




nArms 


OPEN LOOP 




















Transresistance 


VouT=±10V 




















RLOAD = 500n 


150 500 




250 500 




150 


500 




MO 




T,„,„-T^ax 


100 




100 




70 






MH 


OUTPUT CHARACTERISTICS 




















Voltage 


RLOAD = 5oon 


±10 




±10 




±10 






V 
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50 




50 




50 






mA 
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Small Signal Bandwidth 


Av=-l^RF-lk 
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MHz 


(-3dB) 


Av--10RF = 875n 
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Model 


Conditions 


Min 


AD846J 

Typ 


Max 


Min 


AD846K 
Typ Max 


Min 


AD846S 
Typ Max 


Units 


DIFFERENTIAL GAIN 
Differential Phase 


F = 3.58MHz 
F = 3.58MHz 


01 
01 


0.1 
0.1 


0.1 
0.1 


% 
Degree 


POWER SUPPLY 
Rated Performance 
Operating Range 
Quiescent Current 


Tmm-Tmax 


±6 


±15 
5 


±18 
6 


±5 


±15 

±18 
5 6 


±5 


±15 

±18 

5 7 


V 
V 

mA 


TEMPERATURE RANGE 
Rated Performance 









70 





70 


-55 


+ 125 


°C 


PACKAGE OPTIONS^ 

Plastic (N-8) 
Metal Can (H-08A) 
Cerdip(Q-8) 




AD846JN 
AD846JH 
AD846JQ 


AD846KN 
AD846KH 
AD846KQ 


AD846SH 
AD846SQ 





NOTES 

'Input Offset Voltage Specifications are guaranteed after 5 minutes at Ta = + 25°C. 

^Test Conditions: +Vs = ISV, -Vs = 8V to 18V and +Vs = 8Vtol8V, -Vs = -15V. 

'Bias Current Specifications are guaranteed maximum at either input after 5 minutes at Ta = 

*FPBW = SlewRate/ZirVpEAK. 

'Total Harmonic Distortion. 

^See Section 16 for package outline information. 

Specifications marked in boldface are tested on all production units at final electrical test. 

Specifications subject to change without notice. 



;4 



ABSOLUTE MAXIMyMlLAf i]^<JS* 

Supply Voltage ^f^^^^^J'k'%\ 

Internal Power "" " * • ' " * 



S18V 



= A\%-^'- ■ ■ ■■'- 

Dissipation J;^;| » ,.,u. /.;;, 

Plastic Pac^ge'V; '}X^. !»>* ^'t-O''^ '.'... ...» 

O^fpiit %oft'€ircuit ®uratid4 • '• . .«^^ »& . .'*'*'. ^'-' Indefinite 



LOW 
1.6W 



6V 



audi 

DiS|;rentialInpu|,;Yplt%,,;i5lL" . 4|%,^_^^. 

Continuouslft^utClpent ^^,,|f.*% \-'^^'f' 

Inverting or '^onfn verting |,. >fL / 2.0mA 

Storage Temperature Range Hi 4 -65°Cto + 150°C 

Storage Temperature Range N -65°Cto + 125°C 

Operating Temperature Range 

AD846J/K to +70°C 

AD846S -55°C to + 125°C 

Lead Temperature Range (Soldering 60sec) + 300°C 

NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only; the functional 

operation of the device at these or any other conditions above those 

indicated in the operational sections of this specification is not implied. 

Exposure to absolute maximum rating conditions for extended periods may 

affect device reliability. 
2TO-99Package: Oja = 150°C/Watt. 

Plastic Package: Oja = 90°C/Watt. 

Cerdip Package: Oja = 100°C/Watt. 
^For supply voltages less than ± 1 8 V, the absolute maximum input voltage is 

equal to the supply voltage. 
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Typical Characteristics 
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SUPPLY VOLTAGE - ± Volts 



Figure 1. Input Voltage Swing 
vs. Supply 
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SUPPLY VOLTAGE - ± Volts 



Figure 2. Output Voltage Swing 



SUPPLY VOLTAGE - ± Volts 



VS. Supply 
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Figure 3. Quiescent Current 
vs. Supply Voltage 
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Figure 4. Quiescent Supply Current 
vs. Temperature 



Figure 5. Output Voltage Swing vs. 
Resistive Load 



Figure 6. Large Signal Frequency 
Response 
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SUPPLY VOLTAGE - ± Volts 



Figure 7. Open-Loop Trans- 
Impedance vs. Supply 



COMMON-MODE VOLTAGE - Volts 



COMMON-MODE VOLTAGE - Volts 



Figure 8. Positive Input Bias Current Figure 9. Negative Input Bias Current 
vs. Common-Mode Voltage vs. Common-Mode Voltage 
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Figure 10. Positive Input Bias 
Current vs. Temperature 



Figure 1 1. Negative Input Bias 
Current vs. Temperature 



Figure 12. Power Supply Rejection 
vs. Frequency 
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Figure 13. Common-Mode Rejection 
vs. Frequency 



Figure 14. Input Noise Voltage 
Spectral Density 



Figure 15. Input Noise Current 
Spectral Density 
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Figure 16. Short Circuit Current 
Limit vs. Temperature 



Figure 17. Slew Rate vs. 
Temperature 



Figure 18. Slew Rate vs. Input Error 
Signal 
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Typical Characteristics, Inverting Gain of 1 




*PLUS 2pF SCOPE 
PROBE CAPACITANCE 
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Figure 19a. Inverting Amplifier, 
Gain of 7 



Figure 19b. Large Signal Pulse 
Response, Gain of 1 




I Figure 20. Close Loop Gain vs. 
I Frequency vs. Load 









/ 


7 


/ 










i 


f 


/ 


/ 










A 


1% /o 01% 










/ 


1 


/ 
















1 

GAIN OF 


-1 






ERROR 






Rs = 1l<n RF = 1ka 








\ 


\ 


\ 








Y 


1% 


\ 1 

1 01% 








\ 




V 


\ 












V 


\ 


\ 







1M 10M 

INPUT FREQUENCY - Hz 



FREQUENCY - Hz 



20 40 60 80 100 120 140 160 

SETTLING TIME - ns 



Figure 21. Phase vs. Frequency 
vs. Load 



Figure 22. Harmonic Distortion 
vs. Frequency 



Figure 23. Settling Time 
vs. Step Size 
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SUPPLY VOLTAGE ± Volts 
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Figure 24. 3dB Bandwidth vs. 
Supply Voltage 



Figure 25. Output Impedance 
vs. Frequency 



Figure 26. 3dB Bandwidth vs. 
Temperature 
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Typical Characteristics, Inverting Gain of 10 




•PLUS 2pF SCOPE 
PROBE CAPACITANCE 
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Figure 27a. Inverting Amplifier, 
Gain of 10. 



Figure 27b. Large Signal Pulse 
Response, Gain of 10 



Figure 28. Closed-Loop Gain 
vs. Frequency vs. Load 
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Figure 29. Phase vs. Frequency 
vs. Load 



Figure 30. Harmonic Distortion 
vs. Frequency 



Figure 31. Settling Time vs. 
Step Size 
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SUPPLY VOLTAGE - ± Volts 



FREQUENCY - Hz 
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Figure 32. 32dB Bandwidth vs. 
Supply Voltage 



Figure 33. Output Impedance 
vs. Frequency 



Figure 34. 3dB Bandwidth vs. 
Temperature 
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Applying the AD846 



POWER SUPPLY BYPASSING 

The power supply connections to the AD846 must maintain a 
low impedance to ground over a bandwidth of 40MHz or more. 
This is especially important when driving a significant resistive 
or capacitive load, since all current delivered to the load comes 
from the power supplies. Multiple high quality bypass capacitors 
are recommended for each power supply line in any critical 
application. A 0.1|xF ceramic and a 2.2fxF electrolytic capacitor 
as shown in Figure 35 placed as close as possible to the amplifier 
(with short lead lengths to power supply common) will assure 
adequate high frequency bypassing, in most applications. A 
minimum bypass capacitance of 0.1 (xF should be used for any 
application. 



TF — 1 

2 2fjiF ZIOVF 



i f 





INVERTING 

INPUT r' 03 4 INPUT 

04 J : 



:~2 2^F ~:o.i|jiF 
*r^ ^ *j 




Figure 35. Recommended Power-^/fipf^^assIn 

■i^ S '-''■. .ii'?" m -a r 

THEORY OF OPERATION'^C ~ .^'%4^'%J^'' #^ 

The AD846 differs from conveiSional o^ati^^impli^^ ^ 
that it is a transimpedance device rather t^j a^conventii^|l || * 
voltage amplifier. Figure 36 is a simplified schematic of tn%^'°' 
AD846. The input stage consists of a pair of transistors, Ql and 
Q2, which are biased by two diode-connected transistors, Q3 
and Q4. Transistors Ql and Q2 have their emitters connected 
together and this common point functions as the inverting input 
of the amplifier. Correspondingly, the common connection of 
the two biasing diodes acts as the nonin verting input. 

When operated as a closed-loop amplifier, feedback error current, 
Iinj flows into the inverting input terminal and is conveyed via 
current mirrors (transistors Q5, Q6, Q7, and Q8) to the com- 
pensation capacitor, Ccomp- The voltage developed across Ccomp 
is buffered by the output stage, consisting of transistors 
Q9-Q12. 

Because the input error signal developed is in the form of a 
current, not a voltage, the AD846 differs from conventional 
operational amplifiers. This also means that, unlike most opera- 
tional amplifiers which rely on negative feedback to produce a 
"virtual ground" at the inverting input terminal, this terminal 
explicitly has a low impedance. 

A unique circuit approach allows the AD846 to realize an open-loop 
transimpedance of close to IGH. This is nearly three orders of 
magnitude greater than that of any other operational trans- 
impedance amplifier and results in extremely high levels of dc 
precision. 



,»ire 36. AD846 Simplified Schematic 



^■''m W 



=:2.2^F =:ovF 
Figure 37. Overload Recovery Test Circuit 




Figure 38. Overload Recovery Time Photo 



As an example, the output voltage gain error is approximately 
equal to the value of the feedback resistor divided by the value 
of the open-loop transimpedance of the amplifier. That is, when 
using a Ikfl feedback resistor, this error is one part in 500,000. 
For a transimpedance amplifier with IMO transimpedance, this 
error is only one part in 1000; such an amplifier would barely 
be able to achieve 10-bit precision. 
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Applying the AD846 




is small compared to Rp, the closed-loop bandwidth is controlled 
by the internal compensation capacitance of 3.3pF and the value 
of Rp, and not by the closed-loop gain. At higher gains, where 
(1 + Rp/Rs) RiN is much larger than Rp, the behavior is that of 
a conventional operational amplifier in which the input stage 
transconductance is equal to the inverting terminal input imped- 
ance of the transimpedance amplifier (Rjn = 670). 

A simple equation can, therefore, be used to determine the 
bandwidth of an amplifier employing the AD846 in the inverting 
configuration. 

48 



Figure 39. AD846 Three-Terminal Model 

Figure 39 is a simplified three-terminal model for the AD846. 
Figure 40 is a simplified three-terminal model for a conventional 
voltage op amp. The action of current feedback serves to modify 
the behavior of the amplifier under closed-loop conditions. The 
feedback resistor, Rp, is somewhat analogous to the input stage 
transconductance of a conventional voltage amplifier; and there- 
fore, if the value of Rp is held constant, the closed-loop bandw^ 
also remains virtually constant, independent of closed-loop | 
gain. 



3dB Bandwidth = 



Rf + 0.067(1 + G) 




Where: The 3dB bandwidth is in MHz 

G is the closed-loop inverting gain of the AD846 
Rp is the feedback resistance in kO. 

Figure 41jrolMtes the closed-loop bandwidth vs. closed-loop 
gain o0&emD»l& for various values of feedback resistor. For 
co^^iKi ^rposes, the characteristic of a conventional amplifier 
ia^a^%*46MHz unity gain bandwidth is also shown. 
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Figure 40. Op Amp Three-Terminal Model 

A more detailed examination of the closed-loop transfer function 
of the AD846 results in the following equation: 

-Rp 

Rfj 

Closed-Loop Gain G(s) = 



FREQUENCY - Hz 



(1 + Co 



. [Rf + 



hr)^" 



[]s) 



Compare this to the equation for a convention op amp: 

-Rp 
Rs 



Closed-Loop Gain G(s) = 



(1 + 



CCOMP 



gM 



(-ft) 



s) 



Where: Ccomp is the internal compensation capacitor of the 
amplifier; gM is the input stage transconductance of the 
amplifier. 

In the case of the voltage amplifier, the closed-loop bandwidth 
decreases directly with increasing values of (1 + Rp/Rs), the 
closed-loop gain. However, for the transimpedance amplifier, 
the situation is different. At low gains, where (1 + Rp/Rs) Rin 



Figure 41. Closed-Loop Gain vs. Bandwidth for Various 
Values of Rf 

For the case where Rp = IkO and Rs = lOOO (closed-loop 
gain of - 10) then the closed-loop bandwidth becomes 28MHz. 
It should also be noted that the use of a capacitor to shunt Rp, a 
normal practice for stabilizing conventional op amps, will cause 
this amplifier to become unstable because the closed-loop 
bandwidth will increase beyond the stable operating frequency. 

A similar approach can be taken to calculate the noise performance 
of the amplifier. A simplified noise model is shown in 
Figure 42. 

The equivalent output noise voltage will equal: 

Von = Rf Inn + (^ + |^) VV^+ (Rpl^p)' 

Where: Rp is the external resistance placed in series with the 
noninverting input 

Rp is the feedback resistor 

Rs is the source resistor 

Inn is the noise current in the inverting input 

Inp is the noise current in the noninverting input 

Vn is the input noise voltage. 
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Applying the AD846 



Typical values for these parameters {(cv IkHz) in pA/VHz are: 

Inn = 20, Ipn = 6, Vn = 2. 

Or, referring to the input, the equivalent input voltage noise is: 



ViN == Rs Inn + (^ + |;) VvJ,+ (Rpl^ 



>r 



As can be seen from the above equation, the addition qf Rp 
degrades the noise performance of the amplifier. In addition, 
the positive and negative input bias currents are unequal in the 
AD846. This means that the normal practice of adding resistor 
Rp to compensate for bias-current-induced-offset errors is highly 
undesirable and indeed Rp should be made as low as possible. 





Figure 43. AD846 Inverting Amplifier Showing External 
Compensation Connection 



Figure 42. Op Amp Simplified Noise Mo^ei 




NONINVERTING GAIN OPERA-^ 

The AD846 can be used as a nop^dfl^riill^ripifier 0%o\ 
follower, operating at gains betv^^rf^ 1 %d 200^ #^n4^im| 
value of Rp equal to IkO should % empl9||i.'fef1o^^lins|l 
to 2), the input signal should be applied fo %f A%if6's n<|^iA^|^ 
verting input through a Ikfl series resistor; tfcils will help re^uQ|; 
peaking. The best transient response will occur when the ampli- 
fier's output level is below 5V peak to peak. 

At closed-loop gains of 3 or more, the input resistor is not required 
unless peak signals greater than 3V will be applied. The ampHfier's 
bandwidth can be determined by using the inverting amplifier's 
bandwidth equation or from Figure 41. For example, at a gain 
of + 10 (Rp = Ikn, Rs = lOOa) the bandwidth of the AD846 
will be approximately 20MHz; at a gain of + 100, (Rp = Ikfi, 
Rs = ion) it will be 6MHz. At gains of 3 or greater, a small 
capacitor (2pF-5pF) connected across the feedback resistor will 
help reduce overshoot; but when operating at nonin verting gains 
below 3, this same capacitance will cause instability. 

USING THE COMPENSATION PIN OF THE AD846 

Additional compensation may be provided for the AD846 by 
applying an external capacitance between Pin 5 and analog 
ground (Figure 43). The nominal value of the AD846's internal 
compensation capacitor is 3.3pF. For a given value of feedback 
resistance (Rf)j any added external capacitance reduces the 
amplifier's slew rate and bandwidth proportionally. 

In addition to providing for external compensation. Pin 5 may 
be used to clamp the output of the amplifier, as shown in Figure 
44. The output can be clamped anywhere within the output 
range (approximately ± lOV) of the amplifier. The input should 
also be clamped as a precaution again damaging the amplifier's 
input transistors. 




TYPE HP2835 
DiODES 



POSmVE CLAMPING 
VOLTAGE 



NEGATIVE CLAMPING 
VOLTAGE 



Figure 44. AD846 Used as a Clamped Amplifier 



This compensation node may also be used as an additional output 
terminal as in the precision transconductance amplifier application 
of Figure 45. 




O louT=-0 1mA/VOLT 



Figure 45. A Precision Transconductance Amplifier 

The AD846 can be used in either the inverting transconductance 
mode as shown in Figure 45, or in a nonin verting mode with Rs 
grounded and Vs applied to the nonin verting terminal. The 
current output is essentially constant over a compliance range of 
± lOV at the compensation node. The output current is limited 
to about ± 1mA due to internal saturation. Under these cir- 
cumstances the normal output pin provides a buffered version 
of the compensation node output voltage. Output load impedance 
of 500n or greater will not affect the accuracy of the transcon- 
ductance conversion. 
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Applying the AD846 



THE AD846 AS AN AUDIO AMPLIFIER 

The extremely fast settling and highly linear input characteristics 
of the AD846 make it a superb audio amplifier. Figure 46 is a 
circuit for a phono (RIAA) preamphfier and line driver. In this 
circuit, open-loop servos are used to set the dc operating points 
of the amplifier. 

Adequate power supply regulation is critical in this application, 
otherwise the performance of the AD846 will suffer. In addition, 
the deterioration of performance caused by the poor choice of 
decoupling components (such as the use of tantalum capacitors) 
is audible. For best performance, all capacitors should be 
polypropylene. 




. ^ '"'/'"' 




Figure 46. The AD846 RIAA Audio Preamplifier Circuit 

THE AD846 AS AN OPEN-LOOP LEVEL SHIFTER 

The AD846 can also be used for open-loop level shifting. As 
shown in Figure 47, resistor Rs is used to develop an input 
current which is proportional to the input voltage, Vin- This 
current flows from the compensation node (Pin 5) developing a 
voltage across resistor Re (Re is equal in value to resistor Rs) 
which, rather than being grounded, has one end tied to reference 
voltage V2. The voltage appearing at Pin 5 is, therefore, voltage 
Vin plus voltage V2 and will directiy follow changes in Vjn- By 
scaling resistor Re, a level shift with voltage gain can be produced. 
In addition, the normal voltage output at Pin 6 is approximately 
equal to the voltage at Pin 5 thus providing a low impedance, 
buffered output for the level shifter. 




V 


VOUT 

(BUFFERED) 


^Vou. 


= V,M+V2 


Re 
lOkll 


VoUT 

(UN-BUFFERED) 


JIOUT 




louT = 1m A/VOLT 



Figure 47. AD846 Connected as a Level Shift Amplifier 



THE AD846 AS A HIGH-SPEED DAC BUFFER 

The AD846 will enable the AD568 12-bit DAC to develop a 
lOV output step which settles to within 0.025 percent of its final 
value in about |00ns. This AD846/AD568 combination is shown 
in the ci^puit^MiiFigure 48. Correct power supply decoupling is 
essentiat: a 2.2|xF tantalum capacitor connected in parallel with 
a O.ltiF to 0.01|xF ceramic disc capacitor is usually sufficient. 
These Should be placed as close to the power supply pins as 

',. possible. AlsOj a ground plane should be employed; this ensures 
that there is, a lo^ Impedance signal path to ground which allows 
thf fastest possible output setding. In 12-bit systems with the 
sAt)846r bperating at gains of 10 or less, inadequate supply de- 

, coupling can cause the output settling to degrade from 100ns to 
as much as 300ns, with a lOV output step applied. 



E 
E 
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Figure 48. The AD846 Serving as a DAC Buffer 
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ANALOG 
DEVICES 



High-Speed, Low-Power 
Monolithic Op Amp 



AD847 



FEATURES 

300V/|jis Slew Rate 

sons Settling Time to 0.1% 

Unity Gain Stable 

50MHz Gain Bandwidth Product with Only 5mA of 

Quiescent Current 
Stable Performance with Any Capacitive Load 
0.5mV Offset Voltage 
Performance Specified for ±5V and 

± 15V Operation 
±3V Output Swing into 150X1 Load 
0.1 dB Differential Gain 
0.1 dB Differential Phase 
Available in Plastic, Cerdip and SO Package 
Improved Replacement for National LIVI6161 Series 

APPLICATIONS 

Unity Gain Buffer 

Video and Rf Amplification 

8- and 10-Bit Data Acquisition Systems 

Cable Drivers 



AD847 CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP, Small Outline and Cerdip 



'^t: 



.. '€ Mi, %«'^^' 



PRODUCT DESCRIPTION v|^ 

The AD847 is a high-speed, high-gail^low-povirfr 
operational amplifier which achieves its perfoAlncelpjp^tiUzi^ 
Analog Devices' unique junction isolated complei^entary bipo] 
process. It achieves its high speed while requiring only 5mA 
from the power supplies. This product is designed, specified 
and tested for ±5V to ± 15V operation. For ±5V operation its 
output can swing ± 3V into a 15011 load. The AD847 is available 
in 8-pin plastic, cerdip and small outline packages. Options are 
available which operate over commercial, industrial and military 
temperature ranges. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage . ±18V 

Differential Input Voltage ± 6V 

Output Short-Circuit Duration Indefinite 

Internal Power Dissipation 

Plastic TBD 

Cerdip 1.6W 

SOIC TBD 

Lead Temperature (Soldering lOsec) +260°C 

Storage Temperature Range -65Xto +150°C 

Maximimi Jimction Temperature + 150^ 




BALANCE 


1 


AD847 


8 


BALANCE 


-IN 


2 


- 


^, 


7 


+ Vs 


+ IN 


3 


- 


b^'- 


6 


OUTPUT 


-Vs 


f 




5 


NC 



; = NO CONNECT 



speed monolithic operational amplifier 



larkable 50MHz gain bandwidth product and 
lew rate while drawing only 5mA from the power 
ty lilies. 

Tl|Miircp»,9ptimized and tested for ±5V and ± 15V 
powm, suiply' voltages. 

1^^ AD847 is internally compensated for unity gain operation 
fCand remains stable when driving a capacitive load. 

4. The amplifier can drive doubly terminated 7511 coaxial trans- 
mission lines, making it ideal as a video and Rp cable driver. 

5. The AD847 is one of a series of high-speed amplifiers featuring 
low standby power which utilize Analog Devices' proprietary 
complementary bipolar process. It is a direct replacement for 
National Semiconductor's LM 6161 series of amplifiers with 
greatly improved gain and dc performance. 

6. The AD847 has applications in video and Rp amplification, 
as a buffer in high-speed 8- and 10-bit data acquisition systems 
and in optical memory servo systems. Its low power makes it 
ideal for high packaging density applications such as multiple 
pole active filters. 
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SPECIFICATIONS 



(@ + 25*1! and ± 5V dc, unless otherwise noted) 



Model 




AD847J 


AD847A/S 






Conditions 


Min " Typ Max 


Min Typ Max 


Units 


INPUT CHARACTERISTICS 










Input Offset Voltage 




0.5 1 


0.5 1 


mV 




TmintoTmax 


2.5 


4 


mV 


Input Offset Voltage Drift 




15 30 


15 30 


fxV/°C 


INPUT BIAS CURRENT 




2.5 5 


2.5 5 


ix,A 




TmintoTmax 


6 


6 


y.A 


Input Offset Current 




150 300 


150 300 


nA 




TmintoTmax 


400 


400 


nA 


Input Offset Current Drift 




0.3 


0.3 


nA/°C 


GAIN 










Open Loop 


Vs= ±5V 

VouT=±2.5V 










Rl^SOOH 


2 3 


2 3 


V/mV 




Rl - 150ft 


1 


1 


V/mV 




Vs = ± 15V 










VouT=±12V 










Rl = 2kft 


3 


3 5 


V/mV 




TmintoTmax 


1.5 


1.5 


V/mV 


DifferenualGain 




0.1 


0.1 


dB 


Differential Phase 




0.1 


0.1 


degree 


DYNAMIC CHARACTERISTICS 










Gain Bandwidth Product 


f= 20MHz, Vs= ±15V 


50 


50 


MHz 




Vs= ±5V 


35 


35 


MHz 


Slew Rate 


Vs = ± 15V 


225 300 


225 g 300 


V/^s 




Vs= ±5V 


200 


%J' 2^ 


V/>iS 


Settling Time to 0.1% 


Vs= ±5V 


^^ # 


^C^' 


ns 




- 2.5V to + 2.5V 


f 






Step, Ay = -1 


0'il, ' 






RL = 2kft 


*^^" 


Hfi' 






Vs = ± 15V 
lOVStep 


f^^ 


ns 


Phase Margin 


Vs = ± 15V 


^.'^SS \m 


degree 




Cl = lOpF 


4k ''»;'%/* II '%k, w 


"mM^ 






RL = 2kft 


%.%M* ,.^%. s 


1 




INPUT RESISTANCE 


Differential ,;,/" "%, 


.?'" *1:4^"' 


300 


kft 


Input Capacitance 


f = 50MHz „^^^,^^ 5j,, „,,§„„/ l| 


1.5 


PF 


COMMON-MODE VOLTAGE RANGE 


^I^V^"*' 


„;«% %#«il;^'* ,'♦ 1'^ 


1%, +4-^ 


V 




1' ^"" %-*4 ^,j,ifig 1 


#%V -3.4 


V 




VcM=±2.5V % >'•' 
Vs = ± 15V ** 


■ V "*iiK \ « 


+ 14.3 
-13.4 


V 
V 


Common-Mode Rejection 


'- m>^ 


86 95 


dB 




VcM= ±12V 


86 S?" 


86 95 


dB 




TmintoTmax 


80 


80 


dB 


Power Supply Rejection Ratio 




80 90 


80 90 


dB 


Input Noise Voltage 


f = lOkHz 


15 


15 


nV/vlfc 


Input Noise Current 


f- lOkHz 


1.5 


1.5 


pA/vlb 


OUTPUT CHARACTERISTICS 










Output Voltage Swing 


Vs= ±5V 










RLS2kft 


±3.6 


±3.6 


V 




Rl = 150ft 


±2.5 


±2.5 


V 




Vs = ± 15V 










Rl = 2kft 


±12 


±12 


V 




Rl = 500ft 


±10 


±10 


V 


Short-Circuit Current 




35 


35 


mA 


POWER SUPPLY 










Operating Range 




±4.5 ±18 


±4.5 ±18 


V 


Quiescent Current 




5 6.0 


5 6.0 


mA 




TmintoTmax 


6.9 


7.2 


mA 


TEMPERATURE RANGE 










Rated Performance 










Commercial (0 to + 70°C) 




AD847JN AD847JR 






MiUtary(-55°Cto + 125°C) 






AD847SQ 




PACKAGE OPTIONS^ 










Plastic (N-8) 




AD847JN 






Cerdip(Q-8) 






AD847AQ,AD847SQ 




S0IC(R-8) 




AD847JR 







NOTE 

'See Section 16 for package outline information. 

Specifications subject to change without notice. 

Specifications marked m boldface are tested on all production units at final elec- 
trical test. 
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ANALjOG 
DEVICES 



High-Speed, Low-Power 
Monolithic Op Amp 



AD848 



FEATURES 

300V/|jis Slew Rate 

80ns Settling Time to 0.1% 

175MHz Gain Bandwidth Product with Only 5mA of 

Quiescent Current 
Stable Performance with Any Capacitive Load 
Stable Operation with a Minimum Gain of 5 
0.5mV Offset Voltage 
Performance Specified for ±5V and 

± 15V Operation 
±3V Output Swing into 150n Load 
0.1 dB Differential Gain 
0.1 dB Differential Phase 
Available in Plastic, Cerdip and SO Package 
Improved Replacement for National LM6164 Series 

APPLICATIONS 

High Bandwidth, High Gain Communication Systems 

Video and Rp Amplification 

8- and 10-Bit Data Acquisition Systems 

Cable Drivers 



AD848 CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP, 
Small Outline and Cerdip 



PRODUCT DESCRIPTION ,01^%^^^ 

The AD848 is a high-speed, high-gaiil|j|W-j^wer 
operational amplifier which achieves its'%!erfonE||»^e^^^tj 
Analog Devices' unique junction isolated comp^efi|nta[%^€ipolat^J 
process. It achieves its high speed while only requMng 5mA 
from the power supplies. This product is designed, specified 
and tested for ± 5V to ± 15V operation. For ± 5V operation its 
output can swing ± 3V into a 150ft load. The AD848 is available 
in 8-pin plastic, cerdip and small outline packages. Options are 
available which operate over commercial, industrial and military 
temperature ranges. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ± 18V 

Differential Input Voltage^ ± 6V 

Output Short-Circuit Duration Indefinite 

Internal Power Dissipation 

Plastic TBD 

Cerdip 1.6W 

SO TBD 

Lead Temperature (Soldering lOsec) + 260°C 

Storage Temperature Range -65°Cto + 150°C 

Maximum Junction Temperature + 150°C 




BALANCE 


1 


AD848 


8 


BALANCE 


-IN 


2 


— 


^, 


7 


+ Vs 


+ IN 


3 


- 


l>>L 


6 


OUTPUT 


; :J^ 


*- 




5 


NC 



C = NO CONNECT 

rHfl||,GHTS 

:te-s^e^ monolithic operational amplifier 
"' *' ble 175MHz gain bandwidth product and 
while drawing only 5mA from the power 

optimized and tested for ±5V and ± 15V 
iltages. 

A'!(>848 is internally compensated for operation with a 
if 5 and remains stable when driving a capacitive load. 

The amplifier can drive doubly terminated 75fl coaxial trans- 
mission lines, making it ideal as a video and Rp cable driver. 

5. The AD848 is one of a series of high-speed amplifiers featuring 
low standby power which utilize Analog Devices' proprietary 
complementary bipolar process. It is a direct replacement for 
National Semiconductor's LM 6164 series of amplifiers with 
greatly improved gain and dc performance. 

6. The AD848 has appHcations in video and Rp amplification, 
as a gain block in high-speed 8- and 10-bit data acquisition 
systems and in optical memory servo systems. Its low power 
makes it ideal for high packaging density applications such as 
multiple pole active filters. 
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orLbinuHiiunt 


J (@ + 25X and ± 5V dc, unless otheiwise noted) 








Model 




AD848J 


AD848A/S 






Conditions 


Min Typ Max 


Min 


Typ Max 


Units 


INPUT CHARACTERISTICS 












Input Offset Voltage 




0.5 1 




0.5 1 


mV 




TmintoTmax 


1.5 




2 


mV 


Input Offset Voltage Drift 




5 10 




5 10 


^lV/°c 


INPUT BIAS CURRENT 




2.5 5 




2.5 5 


^tA 




T™„t0T„ax 


6 




6 


^.A 


Input Offset Current 




150 300 




150 300 


nA 




TnuntoTmax 


400 




400 


nA 


Input Offset Current Drift 




0.3 




0.3 - 


nA/°C 


GAIN 












Open Loop 


Vs= ±5V 
VouT= ±2.5V 












Rl = 5oon 


10 15 


10 


15 


V/mV 




Rl = i5on 


5 




5 


V/mV 




Vs = ± 15V 












VouT= ±12V 












Rl = 2ka 


20 30 


20 


30 


V/mV 




Tm.ntoT„,ax ' 


10 


10 




V/mV 


Differential Gain 




0.1 




0.1 


dB 


Differential Phase 




0.1 




0.1 


degree 


DYNAMIC CHARACTERISTICS 












Gain Bandwidth Product 


f=20MHz,Vs= ±15V 


175 




175 


MHz 




Vs = ± 5V 


120 




120 


MHz 


Slew Rate 


Vs = ± 15V 


225 300 


225 


300 


V/fJLS 




Vs= ±5V 


200 




200 


V/pLS 


Settling Time to 0.1% 


Vs= ±5V 

- 2.5V to + 2.5V 


65 


4h f: 


65 


ns 




Av= -5, 


#|5^ 


. '^^n. 








RL = 2kft 


, %/• 


! &, 








Vs = ± 15V 
lOVStep 


;WP^^ 


''■% 


80 


ns 


Phase Margin 


Vs = ± 15V- 


|3^ 


50 


degree 




Cl - lOpF 
Rl = 2ka 






INPUT RESISTANCE 


Differential ?| 

f = 50MHz ^|, ' 


''im^^'^^^Aj'^" 


f>^'4i- 


1,500 


kn 


Input Capacitance 




1.5 


pF 


COMMON-MODE VOLTAGE RANGE 


Vs=^5V^^ 






+ 4.3 
-3.4 


V 
V 




V ='rfl5f ' '%«t#^" * 


'%k. ,,Al+%3"''"' : W^'h^; 




+ 14.3 


V 




fmliif. %^'%t. ' 1 


4^ " '%„ \ ^ 


¥ 


-13.4 


V 


Common-Mode Rejection 


W =r^.5y^^^^ 


90 


105 


dB 




#jti5^ %^0 


90 ^ U f 
90 ''"^^'^'^'''lOO 


90 


105 


dB 




Tm.ntoT„,ax ^^' 


86 




dB 


Power Supply Rejection Ratio 




90 


100 


dB 
nV/vlfe 


Input Noise Voltage 


f = lOkHz 


4 




4 


Input Noise Current 


f = lOkHz 


1.5 




1.5 


pA/VH^ 


OUTPUT CHARACTERISTICS 












Output Voltage Swing 


Vs= ±5V 












Rl a 500ft 


±3.6 


±3.6 




V 




Rl = 150n 


±2.5 


±2.5 




V 




Vs = ± 15V 












Rl = 2kn 


±12 


±12 




V 




Rl = 500n 


±10 


±10 




V 


Short-Circuit Current 




35 




35 


mA 


POWER SUPPLY 












Operating Voltage Range 




±4.5 ±18 


±4.5 


±18 


V 


Quiescent Current 




5 6.0 




5 6.0 


mA 




Tm,„toT„,ax 


6.9 




7.2 


mA 


TEMPERATURE RANGE 












Rated Performance 












Commercial (0 to +70°C) 




AD848JN AD848JR 








Industrial ( + 40°C to +85«C) 








AD848SQ 




MUitary(-55°Cto + 125°C) 








AD848SQ 




PACKAGE OPTIONS' 












Plastic (N-8) 




AD848JN 








Cerdip(Q-8) 






AD848AQ, AD848SQ 




SOIC(R-8) 




AD848JR 









NOTE 

'See Section 16 for package outline information. 

Specifications subject to change without notice. 

Specifications marked in boldface are tested on all production units at final elec- 
trical test. 
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ANALOG 
DEVICES 



High-Speed, Low-Power 
Monolithic Op Amp 



AD849 



FEATURES 

300V/|jis Slew Rate 

80ns Settling Time to 0.1% 

750MHz Gain Bandwidth Product with Only 5mA of 

Quiescent Current 
Stable Performance with Any Capacitive Load 
Stable Operation with a Minimum Gain of 25 
0.5mV Offset Voltage 
Performance Specified for ± 5V and 

±15V Operation ' 
±3V Output Swing into 150a Load 
0.1 dB Differential Gain 
0.1 dB Differential Phase 
Available in Plastic, Cerdip and SO Package 
Improved Replacement for National LM6165 Series 

APPLICATIONS 

High Gain, High Bandwidth Communication Systems 

Video and Rp Amplification 

8- and 10-Bit Data Acquisition Systems 

Cable Drivers 



AD849 CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP, 
Small Outline and Cerdip 




BALANCE [T 


AD849 


8 1 BALANCE 


-IN [T 
+ IN [T 


{>. 


7 +Vs 
"Tl OUTPUT 


si 




5 NC 



NC = NO CONNECT 



GHLIGHTS 

•9 liftti-speed monolithic operational amplifier 

ie 750MHz gain bandwidth product and 
s ^pwirate while drawing only 5mA from the power 



PRODUCT DESCRIPTION 

The AD849 is a high-speed, high-gain, low- 
operational amplifier which achieves it)^ ,.. _^^ ^ .^-__ 

Analog Devices' unique junction rffi^l|^o4iplemefit^'Di] 
process. It achieves its high speed "^ile i^(quirin||/6i^y%; 
from the power supplies. This prodlbt is d|^nelt|^jDpcrfied,^^^?te 
and tested for ±5V to ± 15V operation. For ^^V *Speratioi^*||s 
output can swing ± 3V into a 15011 load. The At)849 is availa' 
in 8-pin plastic, cerdip and small outline packages. Options are 
available which operate over commercial, industrial and military 
temperature ranges. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±18V 

Differential Input Voltage ± 6V 

Output Short-Circuit Duration Indefinite 

Internal Power Dissipation 

Plastic TBD 

Cerdip 1.6W 

SOIC TBD 

Lead Temperature (Soldering lOsec) -I-260°C 

Storage Temperature Range — 65°Cto +150*'C 

Maximum Junction Temperature + 150°C 



circuit is optimized and tested for ± 5V and ± 15V 

pov|jpr 'mteply voltages. 

AlM49'is internally compensated for operation with a 
f z5 and remains stable when driving a capacitive load. 

he amplifier can drive doubly terminated 7511 coaxial trans- 
mission lines, making it ideal as a video and Rp cable driver. 

The AD849 is one of a series of high-speed ampUfiers featuring 
low standby power which utilize Analog Devices' proprietary 
complementary bipolar process. It is a direct replacement for 
National Semiconductor's LM 6165 series of amplifiers with 
greatly improved gain and dc performance. 

The AD849 has applications in video and Rp amplification, 
as a gain block in high-speed 8- and 10-bit data acquisition 
systems and in optical memory servo systems. Its low power 
makes it ideal for high packaging density applications such as 
multiple pole active filters. 
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oPLUirluATIuNb(@ +25n;and ±5Ydc, unless othenvise noted) 



Model 






AD849J 




AD849A/S 








Conditions 


Min 


Typ Max 


Min 


Typ 


Max 


Units 


INPUT CHARACTERISTICS 
















Input Offset Voltage 






0.5 1 




05 


1 


mV 




TmmtoTmax 




1.5 






2 


mV 


Input Offset Voltage Drift 






1 5 




1 


5 


|xV/°C 


INPUT BIAS CURRENT 






2.5 5 




2.5 


5 


tLA 




Tm.nt0Tn,ax 




6 






6 


y.A 


Input Offset Current 






150 300 




150 


300 


nA 




Tm,nt0Tmax 




400 






400 


nA 


Input Offset Current Drift 






03 




03 




nA/°C 


GAIN 
















Open Loop 


Vs= ±5V 
VouT= ±2.5V 
















Ri, = soon 


30 


45 


30 


45 




V/mV 




Ri = 150a 




20 




20 




V/mV 




Vs = ± 15V 
















VouT - ± 12V 
















Ri, = 2kn 


50 


80 


50 


80 




V/mV 




T„„nt0T„,ax 


25 




25 






V/mV 


Differential Gam 






0.1 




0.1 




dB 


Differential Phase 






0.1 




0.1 




degree 


DYNAMIC CHARACTERISTICS 








i/M 








Gam Bandwidth Product 


f = 20MHz,Vs = ±I5V 




750 


%i 


750 




MHz 




Vs= ±5V 




520 ,„#* 


% 


520 




MHz 


Slew Rate 


Vs = ± 15V 


225 


300 ii J 


, 225% 


300 




V/jxs 




Vs= ±5V 




200 %t., ff 


% 


200 




V/fJLS 


Settling Time to 1% 


Vs= ±5V 
-2.5Vto+2 5V 




% % '00'' 


^' 


65 




ns 




Av- -25 




%,^^^^^ ,-%, 










Ri =2ka 




ll %I ''%!' "*'' . '#^''* 










^s= ^15V , 




» *'■ ' i/*^*' ff%| 










lOVStep , % 


1 %!l, % 


'^" 80 ilk m ,- % 




80 




ns 


Phase Margin 


Vs = ± 15V 0,. % " 

Cl^IOpF^^ ^ 




k^^*^,„ 




50 




degree 


INPUT RESISTANCE 


^^^.^ 1 


^v 


1-1 *^% f ' 




15 




kll 


Input Capacitance 


. iii 




1.5 




PF 


COMMON-MODE VOLTAGE RANGE 


^=^''^'^^ 


%i0f 


%^^ ^ 




+ 43 
-3.4 




V 
V 




Vs = ± 15V % '*^^' 




^-13.4 




+ 14.3 
-13 4 




V 
V 


Common-Mode Rejection 


Vs= ±5V 
VcM= ±2.5V 


100 '^ 


115 


100 


115 




dB 




Vs = ± 15V 


100 


115 


100 


115 




dB 




VcM = ± 12V 
















TmmtoTmax 


95 




95 






dB 


Power Supply Rejection Ratio 




100 


110 


100 


110 




dB 


Input Noise Voltage 


f = lOkHz 




4 




4 




nV/VHz 


Input Noise Current 


f = lOkHz 




1.5 




1.5 




pA/Vni 


OUTPUT CHARACTERISTICS 
















Output Voltage Swing 


Vs= ±5V 
















Ri > 500n 


±3.6 




±3.6 






V 




Ri. = 150(1 


±2.5 




±2.5 






V 




Vs = ± 15V 
















Ri, = 2k(i 


±12 




±12 






V 




Ri, = 500fl 


±10 




±10 






V 


Short-Circuit Current 






35 




35 




mA 


POWER SUPPLY 
















Operating Voltage Range 




±4.5 


±18 


±4.5 




±18 


V 


Quiescent Current 






5 6.0 




5 


6.0 


mA 




TmintoTniax 




6.9 






7.2 


mA 


TEMPERATURE RANGE 
















Rated Performance 
















Commercial (0 to +70°C) 




AD849JN AD849JR 










Industrial (-40°C to +85°C) 










AD849AQ 






Military(-55°Cto + 125°C) 










AD849SQ 






PACKAGE OPTIONS' 
















Plastic (N-8) 






AD849JN 










Cerdip(Q-8) 








AD849AQ, AD849SQ 






SOIC(R-8) 






AD849JR 











NOTE 

'See Section 16 for package outline information. 

Specifications subject to change without notice. 

Specifications marked in boldface are tested on all production units at final elec- 
trical test 



2-182 OPERATIONAL AMPLIFIERS 




ANALjOG 
DEVICES 



Ultrahigh-Frequency 
Operational Amplifier 



AD5539 



FEATURES 

Improved Replacement for Signetics SE/NE5539 

AC PERFORMANCE 
Gain Bandwidth Product: 1.4GHz typ 
Unity Gain Bandwidth: 220MHz typ 
High Slew Rate: 600V/)jis typ 
Full Power Response: 82MHz typ 
Open-Loop Gain: 47dB min, 52dB typ 

DC PERFORMANCE 
All Guaranteed DC Specifications Are 100% Tested 

For Each Device Over Its Full Temperature 

Range - For All Grades and Packages 
Vos: 5mV max Over Full Temperature Range 

(AD5539J) 
Ib: 20^A max (AD5539J) 
CMRR: 70dB min, 85dB typ 
PSRR: lOOjiVAAtyp 
MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 

The AD5539 is an ultrahigh-frequency operational amplifier 
designed specifically for use in video circuits and RF amplifiers. 
Requiring no external compensation for gains greater than 5, it 
may be operated at lower gains with the addition of external 
compensation. 

As a superior replacement for the Signetics NE/SE5539, each 
AD5539 is 100% dc tested to meet all of its guaranteed dc specifica- 
tions over the full temperature range of the device. 

The high slew rate and wide bandwidth of the ADS 5 39 provide 
low-cost solutions to many otherwise complex and expensive 
high-frequency circuit design problems. 

The ADS 5 39 is available specified to operate over either the 
commercial (ADSS39JN/JQ) or mihtary (AD5S39SQ) temperature 
range. The commercial grade is available either in 14-pin plastic 
or cerdip packages. The military version is supplied in the cerdip 
package. 



AD5539 CONNECTION DIAGRAM 

Plastic DIP (N) Package 
or Cerdip (Q) Package 
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TOP VIEW 

PRODUCT HIGHLIGHTS 

1. All guaranteed dc specifications are 100% tested. 

2. The ADSS39 drives SOH and 7Sn loads directly. 

3. Input voltage noise is less than 4nVVHz. 

4. Low-cost RF and Video speed performance. 

5. ±2 volt output range into a ISOn load. 

6. Low cost. 

7. Chips available. 
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SPECIrlCATIUNS(@ +25n:andVs= ±8Vdc, unless othenvise noted) 










AD5539J 




AD5539S 






Model 


Min 


Typ Max 


Min 


Typ 


Max 


Units 


INPUT OFFSET VOLTAGE 














Initial Offset^ 




2 5 




2 


3 


mV 


*■ min to 1 max 




6 






5 


mV 


INPUT OFFSET CURRENT 














Initial Offset^ 




0.1 2 




0.1 


1 


KlA 


T^ntoTmax 




5 






3 


^.A 


INPUT BIAS CURRENT 














Initial^ 














VcM = 




6 20 




6 


13 


ixA 


Either Input 














■^ min '•0 1 max 




40 






25 


^A 


FREQUENCY RESPONSE 














RL=150n^ 














Small Signal Bandwidth 




220 




220 




MHz 


AcL = 24 














Gain Bandwidth Product 




1400 




1400 




MHz 


AcL = 26dB 














Full Power Response 














AcL = 24 




68 




68 




MHz 


AcL = 7 




82 




82 




MHz 


AcL = 20 




65 




65 




MHz 


Settling Time (1%) 




12 




12 




ns 


Slew Rate 




600 




600 




V/fJLS 


Large Signal Propogation Delay 




4 




4 




ns 


Total Harmonic Distortion 














Rl = oc 




0.010 




0.010 




% 


RL=iooa^ 




0.016 




0.016 




% 


VouT = 2Vp-p 














AcL = 7,f=lkHz 














INPUT IMPEDANCE 


100 


100 


kO 


OUTPUT IMPEDANCE (f< lOMHz) 


2 


2 


n 


INPUT VOLTAGE RANGE 














Differential 














(Max Nondestructive) 




250 




250 




mV 


Common-Mode Voltage 














(Max Nondestructive) 




2.5 




2.5 




V 


Common-Mode Rejection Ratio 














AVcM=1.7V 














Rs=ioon 


70 


85 


70 


85 




dB 


1 min to 1 max 


60 




60 






dB 


INPUT VOLTAGE NOISE 














Wideband rms Nbise (RTI) 




5 




5 




|xV 


BW = 5MHz;Rs = 50n 














Spot Noise 




4 




4 




nV/Vm 


F=lkHz;Rs = 50n 














OPEN LOOP GAIN 














Vo=+ 2.3V, -1.7V 














RL=150n^ 


47 


52 58 


47 


52 


58 


dB 


RL=2kn 


47 


58 


48 




57 


dB 


Tmmt0Tmax-RL = 2kn 


43 


63 


46 




60 


dB 
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AD5539J 






AD5539S 






Model Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


OUTPUT CHARACTERISTICS 














Positive Output Swing 














RL=150a^ +2.3 


+ 2.8 




+ 2.3 


+ 2.8 




V 


RL = 2kn +2.3 


+ 3.3 




+ 2.5 


+ 3.3 




V 


TmintoTn^axWith 














RL = 2kn +2.3 






+ 2.3 






V 


Negative Output Swing 














RL=150n^ 


-2.2 


-1.7 




-2.2 


-1.7 


V 


RL = 2ka 


-2.9 


-1.7 




-2.9 


-2.0 


V 


TmintoTniaxWith 














RL=2ka 




-1.5 






-1.5 


V 


POWER SUPPLY (No Load, No Resistor to - Vs) 












Rated Performance 


±8 






±8 




V 


Operating Range ±4.5 




+ 10 


±4.5 




+ 10 


V 


Quiescent Current 














Initial Ice + 


14 


18 




14 


17 


mA 


T„untoT„^ 




20 






18 


mA 


Initial Ice - 


11 


15 




11 


14 


mA 


TnuntoTniax 




17 






15 


mA 


PSRR 














Initial 


100 


1000 




100 


1000 


fxVA^ 


*■ min to 1 max 




2000 






2000 


|xVA^ 


TEMPERATURE RANGE 














Operating, 














Rated Performance 














Commercial (0 to + 70X) AD5539JN, AD5539JQ 










Military ( - 55°C to + 125°C) 








AD5539SQ 






PACKAGE OPTIONS^ 














Plastic (N-14) AD5539JN 












Cerdip(Q-14) AD5539JQ 






AD5539SQ 







NOTES 

'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ta = + 25°C. 

^Bias Current specifications are guaranteed maximum at either mput after 5 minutes of operation at Ta = + 25°C. 

'Rx = 470ato-Vs. 

■^Externally compensated. 

^Defined as voltage between inputs, such that neither exceeds + 2 . 5 V, - 5 .OV from ground. 

^See Section 16 for package outline information. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to 

calculate outgoing quality levels. All mm and max specifications are guaranteed, although only those shown in 

boldface are tested on all production units. 
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ABSOLUTE 2VIAXIMUM RATINGS* 

Supply Voltage ± lOV 

Internal Power Dissipation 550mW 

Input Voltage +2.5V, -5.0V 

Differential Input Voltage 0.25V 

Storage Temperature Range Q -65°Cto +150°C 

Storage Temperature Range N -65°C to + 125°C 

Operating Temperature Range 

AD5539JN to +70°C 

AD5539JQ to +70°C 

AD5539SQ -55°Cto + 125°C 

Lead Temperature Range (Soldering 60 seconds) .... 300°C 

NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 



OFFSET NULL CONFIGURATION 




V,N OR GROUND 



OUTPUT NULL RANGE = +Vs ( ^^ ) TO -Vg ( =5E- ) 

\ "NULL / V "NULL / 

OFFSET NULL CONFIGURATION 
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Typical Characteristics 



Rx = 3901 
Rx = 4701 


I Ru = 100 
I Rl = 150 




_ 


,y 






^ 


,/ 






+ VoUT 


f 






J 


X 


-VOUT^. 






<d 


^^^ 


,^ 


^ 




::^ 











.^^ V 
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Figure 1. Output Voltage Swing 
vs. Supply Voltage 
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Figure 2. Output Voltage Swing 
vs. Resistive Load 
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Figure 3. Maximum Common- 
Mode Voltage vs. Supply Voltage 
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Figure 4. Positive Supply Current 
vs. Supply Voltage 



Figure 5. Input Voltage vs. Output 
Voltage for Various Temperatures 



Figure 6, Low Frequency Input 
Noise vs. Frequency 
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Figure 7. Common-Mode 
Rejection Ratio vs. Frequency 



Figure 8. Harmonic Distortion 
vs. Frequency - Low Gain 



Figure 9. Harmonic Distortion 
vs. Frequency - High Gain 
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CLOSED LOOP VOLTAGE GAIN 



Figure 10. Full Power Response 



Figure 1 7. Deviation from Ideal Gain 
vs. Closed-Loop Voltage Gain 
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Figure 12. AD5539 Circuit 



FUNCTIONAL DESCRIPTION 

The AD5539 is a two-stage, very-high-frequency amplifier. 
Darlington input transistors Ql, Q4 - Q2, Q3 form the first 
stage - a differential gain amplifier with a voltage gain of ap- 
proximately 50. The second stage, Q5, is a single-ended amplifier 
whose input is derived from one phase of the differential ampUfier 
output; the other phase of the differential output is then sununed 
with the output of Q5. The all NPN design of the AD5539 is 
configured such that the emitter of Q5 is returned, via a small 
resistor to ground; this eliminates the need for separate level 
shifting circuitry. 

The output stage, consisting of transistors Q9 and QIO, is a 
Darlington voltage follower with a resistive pull-down. The bias 
section, consisting of transistors Q6, Q7 and Q8, provides a 
stable emitter current for the input section, compensating for 
temperature and power supply variations. 

SOME GENERAL PRINCIPLES OF HIGH-FREQUENCY 
CIRCUIT DESIGN 

In designing practical circuits with the AD5539, the user must 
remember that whenever very high frequencies are involved, 



some special precautions are in order. All real-world applications 
circuits must be built using proper RF techniques: the use of 
short interconnect leads, adequate shielding, groundplanes, and 
very low-profile IC sockets. In addition, very careful bypassing 
of power supply leads is a must. 

Low-impedance transmission line is frequendy used to carry 
signals at RF frequencies: 50n line for telecommimications 
purposes and 75ft for video applications. The AD5539 offers a 
relatively low output impedance; therefore, some consideration 
must be given to impedance matching. A common matching 
technique involves simply placing a resistor in series with the 
amplifier output that is equal to the characteristic impedance of 
the transmission line. This provides a good match (although at a 
loss of 6dB), adequate for many applications. 

All of the circuits here were built and tested in a 50ft system. 
Care should be taken in adapting these circuits for each particular 
use. Any system which has been properly matched and terminated 
in its characteristic impedance should have the same small-signal 
frequency response as those shown in this data sheet. 
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Applying the AD5539 



APPLYING THE AD5539 

The AD5539 is stable for closed-loop gains of 4 or more as an 
inverter and at (noise) gains of S or greater as a voltage follower. 
This means that whenever the AD5539 is operated at noise 
gains below 5, external frequency compensation must be used to 
insure stable operation. 

The following sections outline specific compensation circuits 
which permit stable operation of the ADS 5 39 down to follower 
(noise) gains of 3 (inverting gains of 2) with corresponding 
— 3dB bandwidths up to 390MHz. External compensation is 
achieved by modifying the frequency response to the AD5539's 
external feedback network (i.e., by adding lead-lag compensation), 
so that the amplifier operates at a noise gain of 5 (or more) at 
frequencies over 44MHz, independent of signal gain. 
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Figure 13. Small Signal Open-Loop Gain 
and Phase vs. Frequency 

GENERAL PRINCIPLES OF LEAD AND LAG 
COMPENSATION 

The AD5539 has its first pole or breakpoint in its open-loop 
frequency response at about lOMHz (see Figure 13). At frequencies 
beyond lOOMHz, phase shift increases such that the output lags 
the input by 180° - well before the unity gain crossover frequency. 
Therefore, severe peaking (and possible oscillation) will result if 
the ADS 539 is operated at noise gains below S, unless external 
compensation is employed. Figure 14 shows the imcompensated 
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closed-loop frequency response of the ADSS39 when operating 
at a noise gain of 7. Under these conditions, excess phase shift 
causes nearly lOdB of peaking at ISOMHz. 

Figure IS illustrates the use of both lead and lag compensation 
to permit stable low-gain operation. The ADSS39 is shown 
connected as an inverting amplifier with the required external 
components added to provide stability and improve high-frequency 
response. The stray capacitance between the amplifier summing 
junction and groimd, Cx? represents whatever capacitance is 
associated with the particular type of op amp package used plus 
the stray wiring capacitance at the summing junction. 

Evaluating the lead capacitance first (ignoring Rlag and Clag 
for now): the feedback network, consisting of R2 and Clead* 
has a pole frequency equal to: 



Fa = 



1 



2'n (Clead + Cx) (Rl || R2) 
and a zero frequency equal to: 

1 



Equation 1 



Equation 2 



27r(RlXCLEAD) 

Usually, frequency Fa is made equal to Fb; that is, (RlCx) = (R2 
Clead)> in a manner similar to the compensation used for an 
attenuator or scope probe. However, if the pole frequency, Fa, 
will lie above the unity gain crossover frequency (440MHz), 
then the optimum location of Fb will be near the crossover 
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Figure 15. Inverting Amplifier Model Showing Both Lead 
and Lag Compensation 
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Figure 14. AD5539 Uncompensated Response, Closed-Loop 
Gain = 7 



Figure 16. A Model of the Feedback Network of the Inverting 
Amplifier 
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frequency. Both of these circuit techniques add a large amount 
of leading phase shift at the crossover frequency, greatly aiding 
stabihty. 

The lag network (Rlagj Clag) increases the feedback attenuation, 
i.e.: the amplifier operates at a higher noise gain, above some 
frequency, typically one tenth of the crossover frequency. As an 
example, to achieve a noise gain of 5 at frequencies above 44MHz, 
for the circuit of Figure 15, would require a network of: 



Rl 



(4R1/R2) - 1 



and . 



1 



Equation 3 



Equation 4 



^^^ 2'TrRLAG(44xl06) 

It is worth noting that an Rlag resistor may be used alone, to 
increase the noise gain above 5 at all frequencies. However, this 
approach has the disadvantage of also increasing the dc offset 
and low frequency noise errors by an amount equal to the increase 
in gain, in this case, by a factor of 5. 

SOME PRACTICAL CIRCUITS 

The preceding general principles may now be applied to some 
actual circuits. 

A General Purpose Inverter Circuit 

Figure 17 is a general purpose inverter circuit operating at a 
gain of —2. 



Clead 0.1 - 2 5pF TRIMMER 




Figure 17. A General Purpose Inverter Circuit 

For this circuit, the total capacitance at the inverting input is 
approximately 3pF; therefore, Clead from Equations 1 & 2 
needs to be approximately 1.5pF. As shown in Figure 17, a 
small trinmier is used to optimize the frequency response of this 
circuit. Without a lag compensation network, the noise gain of 
the circuit is 3.0 and, as shown in Figure 18, the output ampUtude 
remains within ±0.5dB to 170MHz and the -3dB bandwidth 
is 200MHz. 
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Figure 18. Response of the (Figure 17) Inverter Circuit 
Without a Lag Compensation Network 

A lag network (Figure 15) can be added to improve the response 
of this circuit even further as shown in Figures 19 and 20. In 
almost all cases, it is imperative to make capacitor Clead ad- 
justable; in some cases, Clag must also be variable. Otherwise, 
component and circuit capacitance variations will dominate 
circuit performance. 
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Figure 19. Response of the (Figure 17) Inverter Circuit 
With an Ru^G Compensation Network Employed 
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Figure 20. Response of the (Figure 17) Inverter Circuit 
With an Rlag ^nd a Clag Compensation Network 
Employed 
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Figures 21 and 22 show the small and large signal pulse responses 
of the general purpose inverter circuit of Figure 17, with 
Clead= 1.5pF, RLAG = 330n and Clag=3.5pF. 





Figure 21. Small Signal Pulse Response of the (Figure 17) 
Inverter Circuit. Vertical Scale: 50mV/div; Horizontal Scale: 
Sns/div. 



Figure 23. A Gain of 2 Inverter Circuit with the Clead 
Capacitor Connected to Pin 12 




Figure 22. Large Signal Response of the (Figure 17) Inverter 
Circuit. Vertical Scale: 200mV/div, Horizontal Scale: 5ns/ 
div. 
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Figure 24. Response of the Circuit of Figure 23 with 
Clead =10pF 



A Clead capacitor may be used to limit the circuit bandwidth 
and to achieve a single pole response free of overshoot 

(-3dB frequency = . p.^ ). 

ZttKZL^lead 
If this option is selected, it is recommended that a Clead be 
connected between Pin 12 and the summing junction, as shown 
in Figure 23. Pin 12 provides a separately buffered version of 
the output signal. Connecting the lead capacitor here avoids the 
excess output-stage phase shift and subsequent oscillation problems 
(at approx. 350MHz) which would otherwise occur when using 
the circuit of Figure 17 with a Clead of more than about 2pF. 
Figure 24 shows the response of the circuit of Figure 23 for 
each connection of Clead- Lag components may also be added 
to this circuit to further tailor its response, but, in this case, the 
results will be shghtly less satisfactory than connecting Clead 
directly to the output, as was done in Figure 17. 



A General Purpose Voltage Follower Circuit 

Noninverting (voltage follower) circuits pose an additional com- 
plication, in that when a lag network is used, the source impedance 
will affect the noise gain. In addition, the slightly greater bandwidth 
of the noninverting configuration makes any excess phase shift 
due to the output stage more of a problem. 

For example, a gain of 3 noninverting circuit with Clead connected 
normally (across the feedback resistor - Figure 25) will require 
a source resistance of 200n or greater to prevent UHF oscillation; 
the extra source resistance provides some damping as well as 
increasing the noise gain. The frequency response plot of Figure 
26 shows that the highest - 3dB frequency of all the applications 
circuits can be achieved using this connection, unfortunately, at 
the expense of a noise gain of 14.2. 
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Figure 25. A Gain of 3 Follower with Both Lead and Lag 
Compensation 



<i 



FREQUENCY - HERTZ 



Figure 26. Response of the Gain of 3 Follower Circuit 

Adding a lag capacitor (Figure 27) will greatly reduce the midband 
and low-frequency noise gain of the circuit while sacrificing only 
a small amount of bandwidth as shown in Figure 28. 
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Figure 27. A Gain of 3 Follower Circuit with both Clead 
and Rlag Compensation 
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Figure 28. Response of the Gain of 3 Follower with Clead. 
Clag 3nd Rlag 

These same principles may be applied when capacitor Clead is 
connected to Pin 12 (Figure 29). Figure 30 shows the bandwidth 
of the gain of 3 amplifier for various values of Rlag* It can be 
seen from these response plots that a high noise gain is still 
needed to achieve a reasonably flat response (the smaller the 







Figure 29. A Gain of 3 Follower Circuit with Clead 
Compensation Connected to Pin 12 
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Figure 30. Response of the Gain of 3 Follower Circuit 
with Clead Connected to Pin 12 
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value of Rlagj the higher the noise gain). For example, with a 
220n Rlag an(l a ^OH source resistance, the noise gain will be 
12.8, because the source resistance affects the noise gain. 

Figures 31 and 32 show the small and large signal responses of 
the circuit of Figure 29. 





Figure 33. A 20dB Gain Video Amplifier for 750 Systems 



Figure 31. The Smail-Signal Pulse Response of the Gain 
of 3 Follower Circuit with Rlag snd Clead Compensation 
to Pin 12. Vertical Scale: 50mV/div.; Horizontal Scale: 5ns/ 
div. 
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Figure 34. Response of the 20dB Video Amplifier 



Figure 32. The Large-Signal Pulse Response of the Gain 
of 3 Follower Circuit with Rlag sinp Clead Compensation 
to Pin 12. Vertical Scale: 200mV/div; Horizontal Scale: 
Sns/div. 



A Video Amplifier Circuit with 20dB Gain (Terminated) 

High gain applications (14dB and up) require only a small lead 
capacitance to obtain flat response. The 26dB (20dB terminated) 
video amplifier circuit of Figure 33 has the response shown in 
Figure 34 using only approximately 0.5-lpF lead capacitance. 
Again, a small Clead can be connected, either to the output or 
to Pin 12 with very little difference in response. 



In color video applications, the quality of differential gain and 
differential phase response is very important. Figures 35, 36, 37 
and 38 show the standard six-step modulated staircase waveform. 
The amplifier's response is plotted first by a vector scope, and 
then the magnified differential gain/differential phase target is 
plotted, first without the 20dB amplifier, then with the amplifier 
in the system. 

Figures 37 and 38 have been expanded to provide the necessary 
resolution to show a differential gain of less than 0.5% and a 
differential phase less than O.r. 
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Figure 35. A Six-Step Modulated Staircase Waveform of 
tfie 20dB Video Amplifier Circuit 




Figure 36. The 20dB Video Amplifier's Response Plotted 
on a Vector Scope 




Figure 38. Differential Gain/Differential Phase Target with 
Generator Output Connected to Video Amplifier Input - 
Amplifier is Output Connected to Vector Scope Input 

MEASURING AD5539 SETTLING TIME 

Measuring the very rapid settling times associated with ADS539 
can be a real problem for the designer; proper component layout 
must be used and appropriate test equipment selected. In addition, 
both cable dispersion (a function of cable losses) and the quality 
of termination (SWR) directly affect the measurement. The 
circuit of Figure 39 was used to make a "brute force" AD5539 
settling time measurement. The fixture containing the circuit 
was connected directly - using a male BNC connector (but no 
cable) - onto the front of a 50ft input oscilloscope preamp. A 
digital mainframe was then used to capture, average, and expand 
the error signal. Most of the small-scale waveform aberrations 
shown on the figure were caused by the oscilloscope itself, espe- 
cially the glitch at 15ns. The pulse source used for this measurement 
was an EH-SPG2000 pulse generator set for a Ins rise-time; it 
was coupled direcdy to the circuit using 18" of microwave 50ft 
hard line. 



TO 

TEKTRONICS 

7854/7A24 

OSCILLOSCOPE 

PREAMP 




VoUT 



Figure 37. Differential Gain/Differential Phase Target with 
Generator Output Connected Directly to Vector Scope 
Input 



Figure 39. AD5539 Settling Time Test Circuit 
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APPLICATIONS SUMMARY CHART 

GAIN -3dB 

Rl R2> Rlag Clag^ Clead^ GAIN FLATNESS BANDWIDTH 

(TRIMMED) 



Gain = - 1 to - 5 
Circuit of Fig 17 


R2 
G 


2k 


~4^-l 
R2 


1 


^3pF 
G 


-2 


±0.2dB 


200MHz 


2t7(44x10^)R,ag 


Gam = - 1 to - 5 
Circuit of Fig. 23 


R2 
G 


2k 


< Rl 


1 


^3pF 
G 


-2 


±ldB 


180MHz 


"^e- 


217(44 X 10^) Ri.AG 


Gam = + 2 to + 5^ 
Circuit of Fig 27 


R2 
G-1 


2k 


^ Rl 


1 


^3pF 
G-1 


+ 3 


±ldB 


390MHz 


"•»li-' 


2tt(44x10^)Ri^ag 


Gam = + 2 to + S'* 
Circuit of Fig. 29 


R2 
G-1 


2k 


^ Rl 


NA 


^3pF 
G-1 


+ 3 


±0.5dB 


340MHz 


"•°li- 


Gain < - 5 
Gain > + 5 


R2 

G 

R 
G-1 


1 5k 
1.5k 


NA 
NA 


NA 
NA 


Trimmer^ 
Trimmer^ 


-20 

+ 20 


±0.2dB 
±0.2dB 


80MHz 
80MHz 



G = Gam NA = Not Applicable 

'Values given for specific results summarized here - applications can be adapted for values different than those specified 
^It IS recommended that Ci had and Clag be trimmers covering a range that includes the computed value above 
RsouRCE S200n 
'RsouRCE^SOn. 
*Use Voltronics CPA2 1-2. 5pF Teflon Trimmer Capacitor (or equivalent) 



The photos of Figures 40 and 41 demonstrate how the AD5539 
easily settles to 1% (ImV) in less than 12ns; settling to 0.1% 
(100|xV) requires less than 25ns. 
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Figure 40. Error Signal from AD5539 Settling Time Test 
Circuit - Falling Edge. Vertical Scale: 5ns/div.; Horizontal 
Scale: 500yM/div. 
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Figure 41. Error Signal from AD5539 Settling Time Test 
Circuit - Rising Edge. Vertical Scale: 5ns/div.; Horizontal 
Scale: 500fxV/div. 



Figure 42 shows the oscilloscope response of the generator alone, 
set up to simulate the ideal test circuit error signal (Figure 43). 






Figure 42. The Oscilloscope Response Alone Directly 
Driven by the Test Generator. Vertical Scale: Sns/div.; 
Horizontal Scale: 500fiV/div. 
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Figure 43. A Simulated Ideal Test Circuit Error Signal 
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Figure 44. A Wide Bandwidth Voltage-Controlled Amplifier 



A 50MHz VOLTAGE-CONTROLLED AMPLIFIER 

Figure 44 is a circuit for a 50MHz voltage-controlled amplifier 
(VGA) suitable for use in high-quality video-speed applications. 
This circuit uses the ADS 5 39 as an output amplifier for the 
AD539, a high bandwidth multipHer. The outputs from the two 
signal channels of the AD539 are applied to the op amp in a 
subtracting configuration. This connection has two main advan- 
tages: first, it results in better rejection of the control voltage, 
particularly when over-driven (Vx<0 or Vx>3.3V). Secondly, it 
provides a choice of either nonin verting or inverting responses, 
using either input Vyi or Wyi respectively. In this circuit, the 
output of the op amp will equal: 



Vx(Vyi-Vy2) 
2V 



for Vx>0 



Vx=+3 162V 
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Hence, the gain is unity at Vx= +2V. Since Vx can over-range 
to +3.3V, the maximum gain in this configuration is about 
4.3dB. (Note: If Pin 9 of the AD539 is grounded, rather than 
connected to the output of the 5539N, the maximum gain becomes 
lOdB.) 

The bandwidth of this circuit is over 50MHz at full gain, and is 
not substantially affected at lower gains. Of course, when Vx is 
zero (or slightly negative, to override the residual input offset) 
there is still a small amount of capacitive feedthrough at high 
frequencies; therefore, extreme care is needed in laying out the 
PC board to minimize this effect. Also, for small values of Vx, 
the combination of this feedthrough with the multiplier output 
can cause a dip in the response where they are out of phase. 
Figure 45 shows the ac response from the nonin verting input, 
with the response from the inverting input, Vy2j essentially 
identical. Test conditions: Vyi = 0.5V rms for values of Vx from 
+ lOmV to +3. 16V; this is with a 7511 load on the output. The 
feedthrough at Vx= - lOmV is also shown. 



FREQUENCY - MHz 

Figure 45. AC Response of the VCA at Different Gains 
Vy=0.5V rms 

The transient response of the signal channel at Vx = + 2V, 
Vy = VouT= + or - IV is shown in Figure 46; with the VCA 
driving a 7511 load. The rise and fall times are both approximately 
7ns. 

A few final circuit details: in general, the control amplifier 
compensation capacitor for Pin 2, Ccj must have a minimum 
value of 3000pF (3nF) to provide both circuit stabiHty and 
maximum control bandwidth. However, if the maximum control 
bandwidth is not needed, then it is advisable to use a larger 
value of Ccj with typical values between 0.01 and O.ljxF. Like 
many aspects of design, the value of Cc will be a tradeoff: higher 
values of Cc will lower the high-frequency distortion, reduce the 
high-frequency crosstalk and improve the signal channel phase 
response. Conversely, lower values of Cc will provide a higher 
control channel bandwidth at the expense of degraded linearity 
in the output response when amplitude modulating a carrier 
signal. 



2-196 OPERATIONAL AMPLIFIERS 



ijnv^m^u^tm/i 



Figure 46. Transient Response of ttie Voltage-Controlled 
Amplifier Vx= +2 Volts, Vy= ± 1 Volt 

The control channel bandwidth will vary in inverse proportion 
to the value of Cc, providing a typical bandwidth of 2MHz with 
a Cc of O.OljxF and a Vx voltage of +1.7 volts. 

Both the bandwidth and pulse response of the control channel 
can be further increased by using a feedforward capacitor, Cff, 
with a value between 5 and 20 percent of Cc- Cff should be 
carefully adjusted to give the best pulse response for a particular 
step input applied to the control channel. Note that since Cff is 
connected between a linear control input (Pin 1) and a logarithmic 
node, the settling time of the control channel with a pulse input 
will vary with different control input step levels. 



47^F 



Diode Dl clamps the logarithmic control node at Pin 2 of the 
AD539, (preventing this point from going too negative); this 
diode helps decrease the circuit recovery time when the control 
input goes below ground potential. 

THE AD539/5539 COMBINATION AS A FAST, LOW 
FEEDTHROUGH, VIDEO SWITCH 

Figure 47 shows how the AD539/5539 combination can be used 
to create a fast video speed switch suitable for many high-frequency 
applications including color key switching. It features both 
inverting and noninverting inputs and can provide an output of 
± IV into a reverse-terminated 75il load (or ±2V into 15011). 
An optional output offset adjustment is provided. The input 
range of the video switch is the same as the output range: ± IV 
at either input generates ± IV (noninverting) or TlV (inverting) 
across the 75(1 load. The circuit provides a gain of about 1, 
when "ON", or zero when "OFF". 

The differential configuration uses both channels of the AD539 
not only to provide alternative input phases, but also to ehminate 
the switching pedestal due to step changes in the output current 
as the AD539 is gated on or off. 

Figure 49 shows the response to a pulse of to + IV on the 
signal channel. With the control input held at zero, the rise 
time is under 10ns. The response from the inverting input is 
similar. 

The differential-gain and differential-phase characteristics of this 
switch are compatible with video applications. The incremental 
gain changes less than 0.05dB over a signal window of to 
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Figure 47. An Analog Multiplier Video Switch 
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+ IV, with a phase variation of less than 0.5 degree at the subcarrier 
frequency of 3.58MHz. The noise level of this circuit measured 
at the 75ft load is typically 200|xV in a to 5MHz bandwidth 
or approximately lOOnV per root hertz. The noise spectral density 
is essentially flat to 40MHz. 

The waveforms shown in Figures 48 and 49 were taken across a 
75ft termination; in both photos, the signal of to + IV (in this 



case, an offset sine wave at IMHz) was appUed to the noninverting 
input. In Figure 48, the envelope response shows the output 
being fully switched in about 50ns. Note that the output is ON 
when the control input is zero (or more negative) and OFF for a 
control input of + IV or more. There is very little control-signal 
breakthrough. 
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Figure 48. The Control Response of the Video Switcher 



Figure 49. The Signal Response of the Video Switcher 
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ANALX)G 
DEVICES 



Wide-Bandwidth, Fast-Settling 
Operational Amplifier 



AD9610 



FEATURES 

Ultrastable Unity Gain Bandwidth (100MHz) 

18ns Settling Time to 0.1% 

Superior dc Performance 

Offset Voltage ±0.3mV 

Bias Current 2^A 

±21mA Supply Currents 

APPLICATIONS 
Driving Flash Converters 
High-Speed DACs 
Radar, IF Processors 
Photodiode Preamps 
ATE/Pulse Generators 
Imaging/Display Drivers 



AD9610 FUNCTIONAL BLOCK DIAGRAM 




GROUND 

BYPASS 
BOTTOM VIEW ' 

^ 33 - 50n 



GENERAL DESCRIPTION 

The AD9610 is a fast-settling, wide-bandwidth dc-coupled 
transimpedance operational amplifier which combines superior 
dc specifications and exceptional dynamic performance. That 
combination provides remarkable versatility and utility for 
high-speed designers. 

Thin-film technology and innovative design techniques help 
assure stable operation over the complete operating temperature 
range. Input offset voltage temperature drift is typically 5|xV/°C; 
input bias current drift is typically 70nA/X). 

Unique internal architecture keeps the AD%10 inherently stable 
over its complete gain range and assures wide bandwidth at all 
gain settings. With G= - 1, 3dB bandwidth is lOOMHz; with 
G= - 10, bandwidth is 95MHz. When G= -20, 3dB bandwidth 
is an incredible 75MHz. Slew rate, rise time, fall time, and 
settling time are also independent of gain. 

The design of the AD%10 makes it easy to apply. The unit is 
internally compensated and needs no external compensation. An 
internal l.Skll feedback resistor is available to the user by con- 
necting Pin 4 to output Pin 11. Pins 2 and 8 are bypass pins 
and should be connected to ground through 33 ~ 50ft resistors 
and O.lfxF ceramic capacitors; effective decoupling of the power 
supplies is also important for proper operation. 

Two temperature ranges are available. The AD%10BH is guaran- 
teed over a case temperature range of - 25*'C to + 85°C; the 
AD%10TH is for a range of - 55°C to + HS^C. Standard devices 
are produced in a MIL-STD-1772-certified facility; contact the 
factory for information on units screened to MIL-STD-883. 
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SPECIFICATIONS 



DC ELECTRICAL CHARACTERISTICS 


(±Y=±15Y;Av= 


= ~10;R,H=1500ft;RF=15kil;NoRuttD) 










AD9610BHArH 




AD9610BH^ 




AD9610Ttf 






Sub- 
Group 


Typical 

© + 25*0 




Min/Max@ 




Min/Max @ 




Parameter (Conditions) 


-25X 


+ 25X 


+ 85X 


-55X 


-H25«C 


-H25*'C 


Units 


y Offset Voltage 


1,2,3 


±0.3 


±4.0 


±1.0 


±2.5 


±4.0 


±1.0 


±2.5 


mV 


/ Offset Voltage Tc^ 


2,3 


±5 








±25 




±25 


iivrc 


y Input Bias Current 




















Inverting 


1,2,3 


±5 


±56 


±15 


±35 


±56 


±15 


±35 


ixA 


Noninverting 


1,2,3 


±15 


±75 


±50 


±62 


±75 


±50 


±62 


jxA 


y Input Bias Current Tc^ 




















Inverting 


2,3 


±70 








±330 




±330 


nA/°C 


Noninverting 


2,3 


±30 








±200 




±200 


nA/°C 


# Inverting Impedance 




20 

















# Noninverting 




















Impedance 




200k 

















Capacitance 




2 














pF 


# Common-Mode Input 




±5 


±5 


±5 


±5 


±5 


±5 


±5 


V 


y Internal Feedback Resistor (Rp) 




1500 




1490/ 
1510 






1490/ 
1510 







# Rp Temperature Coefficient 






±25 




±25 


±25 




±25 


ppm/°C 


y Common-Mode Rejection Ratio (CMRR)^ 


4,5,6 


>50 


>35 


>35 


>35 


>35 


>35 


>35 


dB 


CMRR(Rf= 15000; Rin = 150a;AVs = 5V) 




>60 














dB 


y Common-Mode Sensitivity (CMS),^ 




















Referred to Input (A Vs = 5 V) 




















-CMS 


4,5,6 


3 


8 


8 


8 


8 


8 


8 


IxAA^ 


+ CMS 


4,5,6 


3 


8 


8 


8 


8 


8 


8 


jxA/V 


CMSvOLTAGE 


4,5,6 


62 


>r50 


>50 


>50 


>50 


>50 


>50 


dB 


# Output Impedance (dc to lOOkHz) 




0.05 

















y Output Voltage Swing (Rload = 2000) 


1,2,3 


±10 


>:±9 


>±9 


>±9 


>±9 


>±9 


>±9 


V 


# Output Current 




±50 


>±50 


>±50 


>±50 


>±50 


>±50 


>±50 


mA 


(Continuous) 




















y Open Loop Transimpedance Gain (2000 Load) 


4,5,6 


>1.5 


>0.7 


>0.9 


>0.7 


>0.7 


>:0.9 


>0.7 


MO 


y Supply Current^ 


1,2,3 


21 


<27 


<25 


<27 


<27 


<25 


<27 


mA 


Power Consumption^ 




630 


<810 


<750 


<810 


<810 


<750 


<810 


mW 


y Power Supply Rejection Ratio (PSRR)^ 


4,5,6 


>50 


>35 


>35 


>35 


>35 


>35 


>35 


dB 


PSRR (Rp = 1500O; Rin = 150O; AVs = lOV) 




>60 














dB 


y Power Supply Sensitivity (PSS)/ 




















Referred to Input (AVs = lOV) 




















PSSvOLTAGE 


4,5,6 


65 


50 


50 


50 


50 


50 


50 


dB 


-PSS 


4,5,6 


3 


8 


8 


8 


8 


8 


8 


piA/V 


+ PSS 


4,5,6 


3 


8 


8 


8 


8 


8 


8 


jjiA/V 



AC ELECTRICAL CHARACTERISTICS (±v. ±i5V;a. 


= -10;R 


,N=150ft;RF=1.5ka;Ru,AD = 


20011) 






Bandwidth ( - 3dB) (Vqut - lOOmV p-p) 




















y G=-10 


4,5,6 


>100 


>80 


>80 


>80 


>80 


>80 


>80 


MHz 


Amplitude of Peaking: 




















y DCto60MHz 


4,5,6 





<0.4 


<0.2 


<1.0 


<0.4 


<0.2 


<1.0 


dB 


# >60MHz 







<0.6 


<0.3 


<1.8 


<0.6 


<0.3 


<1.8 


dB 


# Phase Nonlinearity (dc to 45MHz) 




1 














° 


# Rise (Fall) Time (VouT = 5V Step) 




<3.5 


<4 


<4 


<4.3 


<4 


<4 


<4.3 


ns 


# Slew Rate (Vqut = 18V Step) 




>3.5 


^3 


>3 


>2.4 


>3 


^3 


>2.4 


kV/|xs 


# Setding Time to 0. 1% (G = ^ 10; 




















5V Output Step) 




18 


<29 


<25 


<29 


<29 


<25 


<29 


ns 


# Settling Time to 0.02% (G = - 10; 




















5V Output Step) 




30 














ns 


# Overshoot Amplitude (Vqut = 5 V Output S tep) 




<4 


<14 


<8 


<18 


<14 


<8 


<18 


% 


# Propagation Delay 




3.3 


<4.0 


<4.0 


<4.0 


<4.0 


<4.0 


<4.0 


ns 


y Total Harmonic Distortion (Freq. = 20 MHz; 




















Output Voltage = 2V p-p) 


4,5,6 


55 


50 


50 


50 


50 


50 


50 


dB 


# Input Noise (Rload = lOOO) 




















Voltage (5MHz to 150MHz) 




0.7 


<L2 


<1.5 


<2.0 


<L2 


<1.5 


<2.0 


nV/Vll^ 


Current (5MHz to 150MHz) 




23 


<29 


<30 


<35 


<29 


<30 


<35 


pA/Vm 
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AD9610BH/TH 


AD9610BH 




AD9610TH 






Sub- 
Group 


Typical 

@ + 25*C 


Min/Max@ 




Min/Max@ 




Parameter 


-25*'C 


+ 25»C 


+ 85*'C 


-55X 


+ 25*'C 


+ 125-C 


Units 


OTHER INFORMATION 




















Case to Ambient, Oca* 




65 


• 


• 


• 


• 


• 


• 


°C/W 


(Still Air; No Heat Sink) 




















Case to Ambient, OcA^ 




38 


• 


• 


• 


* 


• 


• 


°c/w 


(500 LFPM Air; No Heat Sink) 




















MTBF^ 




>1.48xl0^ 


• 


• 


* 


■k 


• 


• 


hours 


PACKAGE OPTION^o 














TO-8(H-12A) 






AD9610BH 




AD9610TH 





NOTES 

y 100% tested (See Notes 1 and 2). 

# Specifications guaranteed by design; not tested. 

* Specification same as AD9610BH/TH typical specification. 

'AD9610BH parameters preceded by a check (/) are tested at +25°C ambient temperature; performance is guaranteed over the 

industrial temperature range ( - 25°C to + 85°C) case temperature. 
^AD9610TH parameters preceded by a check (/) are tested at 55°C case, +25°C ambient, and + 125°C case temperatures. 

Mil-processed versions are available. 

^Offset voltage Tc and bias current Tc are guaranteed over the respective temperature ranges. 
'^CMRR and PSRR apply only for stated conditions. 
^CMS values can be used to determine the CMRR for specific gain settings according to the following worst case relationships: 



^r^ 




O Vo 



^;r^ 



AVouT = I -CMS] [Rpl [AVsupplyI + I + CMSl [R21 [l +^^ ] [AVsupplyI + [CMSvoltI [^ +^i ] I^VsupplyI 



WHERE AVsuPPLY = A-Vsuppuy AND A + Vsupply 
AVouT 



CMRR 



-20 LOG 



(l +5exAVsupply) 



^Supply current and power dissipation numbers are for quiescent operation (input is grounded). Values increase with 

higher frequency operation. 
''PSS values can be used to determine the PSRR for specific gain settings according to the following worst case relationships 

(See diagram in 5 above): 

AVouT = [-PSS] [Rpl [AVsupplyI + ( + PSS1 [R21 [l + ^ ] [AVsupplyI + [PSSvoltI [^ + ^ ] [AVsupplyI 

WHERE AVsupPLY = A- Vsupply OR A + Vsupply 
AVouT 



PSRR = -20 LOG 



(l +5exAVsupplyJ 



^Recommended maximum junction temperature is + 165°C. See Thermal Model. 

'MTBF calculated using MIL-HNBK 217D; Ground Fixed; Temperature (case)= +70°C. 
'^See Section 16 for package outline information. 
Specifications subject to change without notice. 



EXPLANATION OF GROUP A MILITARY SUBGROUPS 

Subgroup 1 - Static tests at +25°C. 

Subgroup 2 - Static tests at maximum rated temperature. 

Subgroup 3 - Static tests at minimum rated temperature. 

Subgroup 4 - Dynamic tests at + 25°C. 

Subgroup 5 - Dynamic tests at maximum rated temperature. 

Subgroup 6 - Dynamic tests at minimum rated temperature. 



Subgroup 7 - Functional tests at + 25°C. 

Subgroup 8 - Functional tests at maximum and minimum 

rated temperatures. 
Subgroup 9 - Switching tests at + 25°C. 
Subgroup 10 - Switching tests at maximum rated temperatures. 
Subgroup 1 1 - Switching tests at minimiun rated temperatures. 
Subgroup 12 - Periodically sample tested. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (±Vs) ±18V 

Operating Temperature Range (case) 

AD9610BH -25*'C to +85X 

AD9610TH -55Xto +125X 



Power Dissipation See Thermal Model 

Jimction Temperature + 165*'C 

Storage Temperature Range -65X to +150°C 

Lead Temperature (soldering, 10 sec) + 300**C 
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R,N = RNC55H2001F 
Rf = RN55C7501F 



10fjLF = M39003101-2302 
1»iF = M39014101-1553 



THIS MICROCIRCUIT IS COVERED BY TECHNOLOGY GROUP (I ) PER MIL-M-38510 



AD9610 LIFE TEST/BURN-IN CIRCUIT 



THEORY OF OPERATION 

The advantages of the transimpedance AD9610 Operational 
Amplifier become easier to understand when its operation is 
compared to the operation of conventional high-speed op amps. 

The operation of the AD9610 Operational Amplifier is similar 
to a standard voltage-input differential amplifier in terms of 
setting gain and calculating noise. The primary difference between 
the two types is a low-impedance inverting input on the AD9610; 
this causes the unit to use current feedback, rather than voltage 
feedback, to achieve signal amplification. 

Figure 1 and the discussion which follows help make a comparison 
between the AD9610 and "conventional" devices. 

Two equations are necessary to describe the amplifier shown in 
Figure 1. 



V,N O V>Ar 




Figure 1. 

One equation is a rudimentary amplifier transfer function: 

- VouT = A(a)) Vs (Equation A) 

and the other sums the currents at the inverting input: 



Vc-Vr, 



V. 



R. 



(Equation B) 



^IN ^S Rp 

Rearranging and reducing Equation B; and substituting from 
Equation A results in a third equation: 



VouT _ "^^^^^sRf/(r3Rp + r^^r^ + R,^Rs) 

ViN 1 + A(C0)RinRs/(r^Rp + Rj^Rp + R^^R^) 



(Equation C) 



For purposes of discussion, assume the amplifier shown in 
Figure 1 exhibits a single-pole frequency response. When it 
does, A(a))= Ao/(l + Jwt) where A© = open loop gain; and 
1/t = the roll-off frequency. When these terms are substituted 
into Equation C, the result is: 

Vqut ~ ^"^^^"/(RsRf + RinRf + RinRs) 

V,K 1 + i'>'T+ [AoR™Rs/(r^r^+r,^r_+ r,^r^)] 

Based on the idea that 

1 4- [ AoRinRs/(R^Rp + R^^Rp + Rj^Rj] 

is approximately equal to 

AoR.nRs/(RjR^ + R,^Rp + R,^Rj) 

and G (closed loop gain) = Rf/Rinj it becomes possible to 
simplify and substitute terms in the above equation to obtain: 



ViN J ^ j^^tRf r _i_ ^ j_ ^ jl 1 

Aq I RiN R-s Rp J 



The fundamental difference between the AD9610 and traditional 
amplifiers becomes apparent at this point. 

In traditional voltage-imput amplifiers, the input resistance (Rs) 
approaches infinity. Consequently, 1/Rs approaches zero; and 
the term Rp (1/Rin + 1/Rs + 1/Rf) simplifies to the term 
Rf (1/Rin + 1/Rf). The latter can be reduced further to (G+ 1). 
When substitutions are made, the gain/frequency relationship 
for a traditional amplifier design is expressed as: 



l+^[G+l] 
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There is a dramatically different result for the AD9610. 

This difference is because the value of Rs in the transimpedance 
ampHfier is only 20n. This is important when one realizes 
Rs II RiN II Rp; and Rs <<<Rin and/or Rp. In this case, 
(1/Rs + 1/RiN + l/Rp) ^ l/Rs- Substituting terms, a direct 
comparison with traditional ampUfer relationships can be made: 



jwT r Rp 1 

Ao L Rs J 



1 + 



Both amplifier types yield similar algebraic results, but there is 
one critical difference in how they are obtained. 

As shown above, the closed loop gain (G) of the traditional 
amplifier is multiplied by the frequency-dependent term of the 
denominator; this means increasing frequencies or closed loop 
gain accelerates the gain roll-off. 

In the AD9610, however, the constant Rp/Rs is multiplied by 
the frequency-dependent term; this means bandwidth remains 
relatively constant for any given value of gain. 

Inside the AD9610, the design includes a l.Skft feedback resistor 
to help reduce the effect of stray capacitances and make it easier 
to apply the amplifier. This internal Rp means the gain of the 
AD9610 is set by varying R^^. 

The differences in the architecture of the AD9610 vis-a-vis a 
traditional op amp cause its closed-loop frequency response to 
be considerably different from conventional units. 

Figure 2 pictures a typical plot for a traditional single-pole 
amplifier. 
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1 1 









FREQUENCY 

Figure 2. 

As shown, increasing the closed loop gain of a traditional op 
amp decreases the bandwidth of the amplifier; the precise amount 
of change will be determined by the actual roll-off characteristics 
of the op amp. 

By contrast, the frequency response of the AD9610 changes 
very little when the gain is changed. Refer to Figure 3. 

Variations in gain (established by varying values of Rin) have 
only a negligible effect on the bandwidth of the amplifier. 

(NOTE: For a more complete explanation of the mathematics involved 
in comparing conventional op amps and the AD9610, refer to the 
Analog Devices application note entitled ''Using the AD96W Trans- 
impedance Amplifier**.) 






FREQUENCY 

Figure 3. 

AD9610 FUNCTIONAL DESCRIPTION 

Refer to Figure 4, AD9610 Functional Circuit. 




Figure 4. AD9610 Functional Circuit 



The most prominent characteristic illustrated in this model of 
the unit is the combination of a high-impedance noninverting 
terminal and a low-impedance inverting terminal. This is achieved 
by buffering the noninverting terminal to create a high-impedance 
input; while maintaining a low impedance through the 2011 
characteristic of the inverting input. 

Because of the low input impedance of the inverting input, all 
of the input signal voltage is impressed across the input resistor 
(Rin in Figure 6); this causes a direct voltage- to-current conversion 
to take place. 

Conventional op amps use a volts/volts transfer function, 
while the transfer function of the AD9610 is volts/ (jlA (or 
resistance). 

Signal current flowing in the inverting terminal (Pin 5) will flow 
through the 200 resistor. The voltage developed across this 
input impedance becomes the input signal for the internal 
amplifier. 

As a result of this action, the input current is converted to an 
output voltage; this is the reason for the open loop transfer 
function being expressed in ohms. 
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To compensate for variations in offset voltage and current in the 
AD9610, both a voltage source and a current source are included 
in the unit. Input offset voltage (Vqs) is a dc error which appears 
at the output as [Vos (1 + Rf/Rin)]- In a similar fashion, the 
input bias current (Iqs) reflects as a dc error which appears at 
the output as [Iqs (Rf)]- 

The current source connected to the inverting terminal effectively 
models the input offset current; and although bias currents flow 
in both terminals, the inverting input bias current is dominant. 
The combined actions of the internal voltage and current sources 
effectively compensate for discrepancies in offset voltage and 
current. 

Power supply voltages applied to the AD9610 are separated, 
with one set of terminals designated for the output transistors 
(Pins 10 and 12) and another set for the internal amplifier 
(Pins 1 and 9). This splitting of the voltages makes it possible to 
limit voltage swings and current at the output, and helps regulate 
the junction temperatures of the output transistors. 

APPLYING THE AD9610 OP AMP 

In applying the AD9610 op amp, there are certain precautions 
which must be observed to protect the unit from damage: 

1. Shorting either power supply input pin (Pin 10 or Pin 12) to 
the output (Pin 11) will destroy the device. 

2. Shorting the output (Pin 1 1) to ground will destroy the device; 
no internal protection is provided. 

As explained earlier, the nonin verting input of the AD9610 
Operational Amphfler is a high impedance. This requires that it 
be driven from a low-impedance source, or connected to ground. 
Driving this input from a high impedance detracts from the 
wide bandwidth performance; connecting it to ground avoids 
the possibility of closed-loop ac peaking. 

Because the internal biasing network of the AD9610 is connected 
to the + V and - V supply pins, it is important that these pins 
have adequate decoupling. Nominal supply voltages for the 
AD9610 are ± 15V, but this can be reduced to a lower limit of 
± 12V without serious degradation of high-speed performance. 
When ± 12V supplies are used, output voltage swings from the 
ampUfier must be reduced. 

Bypass Pins 2 and 8 should be decoupled to ground through 
33 - son resistors and 0.1 |xF capacitors to maintain stability on 
the bias network. 

Feedback resistor Rp is internal to the AD9610 and has been 
precisely adjusted to allow the widest possible range of operating 
conditions. While it is possible to use an external feedback 
resistor for the device, the user is urged to avoid the temptation 
to "tune" performance with this technique because it will inevitably 
detract from ac performance. 

A massive low-impedance ground plane is essential for optimum 
performance from the AD9610 because it provides a moderate 
level of shielding and helps reduce the effects of distributed 
capacitance. 

But the benefits of a large ground plane can be diminished if 
components are grounded at multiple points on the ground 
plane. Single-point grounding is always preferred for high-speed 
circuits to avoid the possibility of voltage differentials which 
might result from multiple grounds. 

The best high-frequency performance is obtained from the AD9610 
when total output capacitance is minimized. ReaUstically, this is 
not always possible; but performance can be improved with a 
5 - 3011 resistor in series with the output as shown in Figure 5. 




Isolation provided by the series resistor makes it possible for the 
AD9610 to drive loads well outside its design limits, but at 
some loss of speed. Isolating the capacitive load from the output 
of the amphfier is particularly useful when driving flash A/D 
converters. 

The power supplies for the AD9610 must be decoupled effectively 
to obtain maximum performance from the device. Recommended 
choices are a O.lfjiF ceramic capacitor and a 10|xF tantalum 
capacitor in parallel on each supply. These connections show up 
in Figures 6 and 7 which illustrate the connections for inverting 
and nonin vertering operation, respectively. Decoupling compo- 
nents should always be connected as closely as possible to the 
amplifier's voltage supply pins. 




GAIN = ^ 

Rf = 1500n (INTERNAL) 



Figure 6. AD9610 Inverting Operation 



If the expected output voltage swings are small, it is possible to 
operate the ouput stages from ± 5V supplies; this will reduce 
power dissipation and junction temperatures on the output 
transistors. For this, the ±5V and ± 15V supplies must be 
decoupled separately. 

OV 33-5011 



-)| — -vw— I 




GAIN = 1 + p 

Rf =150011 (INTERNAL) 



Figure 7. AD9610 Noninverting Operation 
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As shown in Figures 6 and 7, bypass pins 2 and 8 should be 
decoupled individually with a 33 - SOU resistor and 0.1 |xF 
capacitor in series to ground. Without this decoupling, power 
supply and common-mode rejection ratios (PSRR and CMMR) 
may be degraded. In some applications, the lack of this decoupling 
may show up as very high-frequency "ringing" on the output. 
Rmatch in Figures 6 and 7 is used to match the output impedance 
of the driving source. 

AD9610 POWER DISSIPATION 

Quiescent power supply currents for the AD9610 are ±21mA. 
Supply currents this low allow the unit to be operated over a 
wide temperature range without damage. For high-temperature 
operation and long-term stability, however, the user is urged to 
use a heat sink. Two acceptable models for TO-8 packages are 
the Thermalloy 2240 and the lERC Up-T08-48CB. 

Refer to Figure 8. 
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Figure 8. Junction Temp. Rise vs. Load Current 

The data in this illustration are typical characteristics when the 
AD9610 is operated from ± 15V supplies. Assume the desired 
output from the op amp is ± lOV swings at ± 50mA currents. 
For this combination, maximum junction temperature will be 
100°C above the ambient temperature. 

Since maximum allowable junction temperature is + 165°C, the 
maximum ambient temperature which can be tolerated is + 65°C. 
If there is a possibility the ambient may exceed this limit, heat 
sinking and/or heat removal is required. Additional details on 
the thermal characteristics of the unit are included in the AD9610 
Thermal Model. (For more information on thermal protection, 
consult the Analog Devices application note "Using the AD9610 
Transimpedance Amplifier'*.) 




(COMPONENTS 
OTHER THAN 
TRANSISTOR 
JUNCTIONS) 



(b' 



(SEE SPECIFICATIONS) 



PciRcuiT = lcc[ + Vcc -(-Vcc)] WHERE Ice =21mA (u ±15V 
Pxxx = [{:tVcc) -VouT -Icol(8)] (Icol) (% DUTY CYCLE) 



(FOR POSITIVE VouT AND Vcc, THIS IS POWER IN NPN OUTPUT STAGE 
FOR NEGATIVE Vqut AND Vcc, THIS IS POWER IN PNP OUTPUT STAGE 
Icol =Vout/Rload or 3 0mA, WHJCHEVER IS GREATER 
FEEDBACK RESISTOR Rf IS INCLUDED IN R^oa ) 

T,(PNP) = PpNP (210 + «ca) + (PciRcuiT + Pnpn) (« ca) + T^ SIMILAR FOR Tj„ 



AD9610 PERFORMANCE 

In the following section, graphs and photographs depict typical 
performance of the AD9610 for various characteristics. 
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GAIN =-10; 136mV/DIV; lOns/DIV 

AD9610 Small-Signal Pulse Response 






GAIN = -10; 3.4V/DIV; lOns/DIV 

AD9610 Large-Signal Pulse Response 
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Small-Signal Output Resistance vs. Frequency (G= - 10) 
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Small-Signal Output Phase Shift vs. Frequency (G= - 10) 




GAIN = -10; 5V OUTPUT, ERROR WINDOW (±5mV) = 1%, 5ns/DIV 

AD9610 Settling Time 



ORDERING INFORMATION 

Two models of the AD9610 Operational Amplifier are available. 
The AD9610BH is specified for operation over a case temperature 
range of -25°C to +85°C; the AD9610TH is intended for 
applications in which case temperature may be between - 55°C 
and + 125°C. 
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ANALOG 
DEVICES 



Wide Bandwidth, Fast-SetUing 
Operational Amplifier 



AD9611 



FEATURES 

Unity Gain Stable 

Small-Signal Bandwidth 280MHz 

Full Power Bandwidth 210MHz 

Settling - 13ns to 0.1% 

Rise/Fall Times 1.3ns/1.5ns 

Offset Voltage ±0.5mV 

Bias Current ±1|jlA 

Power Dissipation Independent of Load 

APPLICATIONS 

Driving Flash Converters 

High-Speed DACs 

Radar, IF Processors 

Baseband and Video Communications 

Photodiode Preamps 

ATE/Pulse Generators 

Imaging/Display Applications 



GENERAL DESCRIPTION 

The AD9611 is an ultrafast-settling, wide-bandwidth, dc-coupled 
operational amplifier that combines exceptional ac and dc specifica- 
tions to establish a new standard of excellence in dc-coupled 
amplifiers. 

Rise and fall times are 1.3ns and 1.5ns, respectively. The -3dB 
bandwidth is 280MHz (G = - 5); the full-power bandwidth is 
210MHz. The AD9611 settles to 0.1% in 13ns, and dc performance 
is also exceptional. Offset voltage is ±0.5mV and drifts only 
5|jlV/°C. The inverting and noninverting bias currents are l|xA. 

The AD9611 requires ± 5V power supplies and employs an 
innovative current-steering output stage that keeps the total 
circuit power dissipation essentially constant regardless of output 
drive (for loads <100n). Circuit power dissipation does not increase 
as the load is increased; the unit can be operated up to + 110°C 
in still air without heat sinking. 



AD9611 FUNCTIONAL BLOCK DIAGRAM 
GROUND 



-BIAS 



-Vo 



-Vcc 




+ BIAS n +Vcc 

GROUND 

BOTTOM VIEW 

Current feedback is used instead of voltage feedback to provide 
dynamic performance that is relatively independent of gain 
settings. Flat gain and phase response combine with excellent 
noise and distortion performance to provide a unity-gain-stable 
amplifier especially well suited for use in digital communication 
systems. The AD9611 is an excellent choice for driving the 
newest generation of ultrahigh-speed flash converters when 
system SNR and effective number of bits are important. 

The AD961 1 is constructed with discrete transistors on a precision 
thin-film substrate. The AD9611BH is rated for case temperatures 
from -25°C to +85°C; the AD9611TH is guaranteed from 
-55°C to + 125°C. Contact the factory for information about 
883 grade parts. All units are built and tested in a MIL-STD-1772- 
certified facility. 
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SPECIFICATIONS 



DC ELECTRICAL CHARACTERISTICS 


(±Vs=±5V;Av = 


= ~5;R,N = 20011;RFB = lkll;RLOAD=l 


00ft) 










AD961IBH/TH 




AD9611BH^ 




AD96I1TH2 






Sub- 


Typical 




Min/Max@ 




Min/Max@ 




Parameter (Conditions) 


Group 


@ + 25°C 


-25*C 


+ 25*C 


H-SS^'C 


-55*C 


+ 25'>C 


+ I25X 


Units 


y Offset Voltage 


1,2,3 


±0.5 


±5.0 


±3.0 


±4.3 


±5.0 


±3.0 


±4.3 


mV 


# Offset Voltage Tc^ 




±5 








±20 




±20 


jjiV/°C 


y Input Bias Current 




















Inverting 


1,2,3 


±1 


±40 


±5 


±19 


±40 


±5 


±19 


HA 


Noninverting 


1,2,3 


±1 


±25 


±5 


±15 


±25 


±5 


±15 


HA 


Input Bias Current Tc^ 




















# Inverting 




±140 








±275 




±275 


nA/°C 


# Noninverting 




±75 








±175 




±175 


nATC 


Noninverting 




















Impedance 




150 














kn 


Capacitance 




3 














pF 


y Common-Mode Input Range 


1,2,3 


±1.5 


±1.4 


±1.4 


±1.25 


±1.4 


±1.4 


±1.25 


V 


y Internal Feedback Resistor (Rfb) 




1000 


987/ 


990/ 


987/ 


987/ 


990/ 


987/ 










1013 


1010 


1013 


1013 


1010 


1013 


n 


# Rfb Temperature Coefficient 






±25 




±25 


±25 




±25 


ppm/°C 


y Conmion-Mode Rejection Ratio ( AVcm = 0.5V)'* 


4,5,6 


42 


>32 


>34 


>32 


>32 


>34 


>32 


dB 


y Common-Mode Sensitivity (CMS)^ 




















Referred to Input 




















-CMS 


4,5,6 


5 


<24 


<20 


<24 


<24 


<20 


<24 


jjlA/V 


+ CMS 


4,5,6 


5 


<24 


<20 


<24 


<24 


<20 


<24 


|xA/V 


Output Impedance (dc to IMHz) 




0.03 














a 


Output Impedance @ lOOMHz 




0.4/18 














a/nH 


y Output Voltage Swing 


1,2,3 


±3 


>±2.8 


>±2.8 


>±2.5 


>±2.8 


>±2.8 


^±2.5 


V 


# Output Current (continuous) 




±50 


^±40 


>±40 


>±40 


>±40 


>±40 


>±40 


mA 


# Open-Loop Transimpedance Gain (lOOn Load) 




>0.35 


>0.1 


>0.2 


>0.2 


>0.1 


>0.2 


>0.2 


MO 


y + Supply Current(5V)^ 


1,2,3 


70 


<85 


<77 


<77 


<85 


<77 


<77 


mA 


y - Supply Current(- 5 V)^ 


1,2,3 


74 


<88 


<80 


<80 


<88 


<80 


<80 


mA 


Power Consumption^ 




720 


<865 


<785 


<785 


<865 


<785 


<785 


mW 


y Power Supply Rejection Ratio (AVg = O.SV)"* 


4,5,6 


46 


>35 


>37 


>35 


>35 


>37 


>35 


dB 


y Power Supply Sensitivity (PSS)^ 




















Referred to Input 




















-PSS 


4,5,6 


4 


<17 


<14 


<17 


<17 


<14 


<17 


ixAfV 


+ PSS 


4,5,6 


4 


<17 


<14 


<17 


<17 


<14 


<17 


iiAfV 



AC ELECTRICAL CHARACTERISTICS (±Vs= ±5Y;Av= -5;R,N=200ft;RFB=1kft;RLOAo = 100ft unless otherwise specified) 



y Bandwidth ( - 3dB) (Vqut = IV p-p) 


4,5,6 


>280 


>250 


>250 


>220 


>:250 


>250 


>220 


MHz 


Full Power Bandwidth (Vqut = 3 V p-p) 




>210 














MHz 


Slew Rate 




1900 














V/jxs 


AmpHtude of Peaking: 




















y dc to 70MHz (VouT = IV p-p) 


4,5,6 


, 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


dB 


y >70MHz(VouT=lVp-p) 


4,5,6 





<0.8 


<0.8 


<1.6 


<0.8 


<0.8 


<1.6 


dB 


Phase Nonlinearity (dc to 120MHz) 




1 














° 


# Rise Time (Vqut = IV Step) 




1.3 


<1.5 


<1.5 


<1.7 


<1.5 


<1.5 


<1.7 


ns 


# Fall Time (Vout= IV Step) 




1.5 


<1.7 


<1.7 


<1.9 


<1.7 


<1.7 


<1.9 


ns 


# Rise Time (Vqut = 3V Step) 




1.4 


<1.6 


<1.8 


<2.1 


<1.6 


<1.8 


<2.1 


ns 


# Fall Time (VouT = 3V Step) 




1.6 


<2.0 


<2.0 


<2.1 


<2.0 


<2.0 


<2.1 


ns 


# Settling Time to 1% 




7 


<12 


<12 


<13 


<12 


<12 


<13 


ns 


(VouT= 1.5V Step) 




















# Settling Time to 0.1% 




13 


<19 


<19 


<22 


<19 


<19 


<22 


ns 


(VouT = 3VStep;RL = 50a) 




















Settling Time to 0.05% 




16 














ns 


(VouT = 3VStep;RL = 50a) 




















# Overshoot Amplitude (Vqut = 2V Step) 




4 


<14 


<14 


<18 


<14 


<14 


<18 


% 


Overdrive Recovery to 1% (2X; 50ns) 




















Positive Rail to Linear Region 




20 














ns 


Negative Rail to Linear Region 




40 














ns 


Propagation Delay 




2.1 














ns 


y 2nd Harmonic Distortion 


4,5,6 


-54 


<-50 


<-50 


<-42 


<-50 


<-50 


^-42 


dB 


(f=60MHz;VouT = 2Vp-p) 




















y 3rd Harmonic Distortion 


4,5,6 


-58 


<-51 


<-51 


<-44 


<-51 


<-51 


<-44 


dB 


(f - 60MHz; VouT = 2V p-p) 
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AD9611BH/TH 




AD9611BH 




AD9611TH 






Sub- 


Typical 




Min/Max@ 




Min/Max@ ' 




Parameter 


Group 


@ + 25°C 


-25°C 


+ 25X +85»C 


-55°C 


+ 25X +125X 


Units 


Noise 
















# Voltage (5MHz to 280MHz) 




1.0 


<1 4 


<1.4 <1 7 


<1.4 


<1.4 <1.7 


nV/VH^ 


# Current (5MHz to 280MHz) 




21 


<25 


<25 <28 


<25 


<25 <28 


pA/VHz 


# Equivalent Integrated Input 




75 


<92 


<92 <106 


<92 


<92 <106 


ix-V 


(5MHzto280MHz) 
















Other Information 
















Case to Ambient, Bca*'' 




50 


* 


• * 


* 


* * 


°c/w 


(StUl Air; No Heat Sink) 
















Case to Ambient, Sca*'' 




30 


* 


* * 


* 


* * 


°c/w 


(500 LFPM Air; No Heat Sink) 
















MTBF (Mean Time Betwen Failures) 




>1 96x10^ 


* 


* * 


* 


* * 


hours 


(TcASE - 70°C, Ground Fixed; 
















perMIL-HDBK-2I7D) 
















PACKAGE OPTION'" 
















TO-8(H-12A) 








AD9611BH 




AD9611TH 





For applications assistance, call Computer Labs Division (<i (919) 668-95 1 1 

NOTES 

y 100% tested (See Notes 1 and 2) 
# Specifications guaranteed by design, not tested 
*Specification same as AD9611BH/TH typical specification 

'AD%11BH parameters preceded by a check (/) are tested at +25°C ambient temperature, performance is guaranteed over the 
industrial temperature range ( - 25°C to + 85°C) case temperature 

^AD%11TH parameters preceded by a check (y) are tested at - 55°C case, +25°C ambient, and + 125°C case temperatures 
'Offset voltage Tc and bias current Tc are guaranteed over the respective temperature ranges 
'*CMRR and PSRR apply only for stated conditions 
^CMS values can be used to determine the CMRR for specific gain settings according to the following worst case relationships 




AVouT = [-CMS] [Rp] [AVcmI - [ + CMS1 [R2] [l + ^^ ] UVcmI 



VouT 



CMRR = -20 LOG [ j^^l 
L( AVcmU 



^Supply current and power dissipation numbers are for quiescent operation (Vin =- OV). A proprietary output stage assures total circuit power dissipation 

does not increase as a function of output current and Rj c)ao- (See Text) 
^PSS values can be used to determine the PSRR for specific gain settings according to the following worst case relationships 

(See diagram in 5 above): 



AVouT = [-PSS] [Rp] [AVsupplyI " [ + PSS] [R2] [l + ^ ] [AVgi 
WHERE AVsuPPLY = 



.y1 



PSRR = -20 LOG 



A-VsupplyOR A + VsupPLV 
AVo, 



r A Vqut -] 

L(AVsupply) J 



^Recommended maximum junction temperature is + 165°C. 

'Bottom of unit raised approximately 125" (3 2mm) above surface of copper-clad board 
'"See Section 16 for package outline information. 
Specifications subject to change without notice 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (±Vs) ±6V 

Analog Input <Vs 

Inverting Input Sink Current 30mA 

Continuous Output Current ± 50mA 

Operating Temperature Range (Case) 

AD9611BH -25''Cto -H85X 

AD9611TH -55°C to -f-125°C 

Power Dissipation See Thermal Model 

Junction Temperature + 165°C 

Storage Temperature Range -65°C to -f- 150°C 

Lead Temperature (soldermg, 10 sec.) + 300°C 



EXPLANATION OF GROUP A MILITARY SUBGROUPS 



Subgroup 1 - Static tests at + 25°C. 

(10% PDA calculated against Subgroup 1 for high-rel versions) 

Subgroup 2 - Static tests at maximum rated temperature. 

Subgroup 3 - Static tests at minimum rated temperature. 

Subgroup 4 - Dynamic tests at + 25°C. 

Subgroup 5 - Dynamic tests at maximum rated temperature. 

Subgroup 6 - Dynamic tests at minimum rated temperature. 



Subgroup 7 - Funcuonal tests at + 25°C. 

Subgroup 8 - Fimctional tests at maximmn and minimum 

rated temperatures. 
Subgroup 9 - Switching tests at + 25°C. 
Subgroup 10 - Switching tests at maximum rated temperatures. 
Subgroup 11 - Switching tests at mmimum rated temperatures. 
Subgroup 12 - Periodically sample tested. 
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THEORY OF OPERATION 

The advantages of using the transimpedance AD9611 operational 
amplifier instead of a conventional high-speed op amp are based 
on the difference in the way the two types of amplifiers operate. 

The AD9611 operational amplifier uses current feedback, rather 
than the voltage feedback common to traditional amplifiers. 
Current feedback amplifiers provide significantly more bandwidth 
at given gain settings than traditional amplifiers do. 

Both types are similar in terms of setting gain and calculating 
noise, but there is a major difference in the input stages when 
comparing current feedback (transimpedance) amplifiers and 
voltage feedback amplifiers. 

Traditionally, conventional amplifiers have two high-impedance 
inputs. Within the AD9611, however, the inputs are connected 
across a unity gain buffer; this causes the noninverting input to 
be a high impedance and the inverting input to be low impedance. 

Under normal operating conditions, the inverting input current 
is very small. The AD9611 operation is similar to a traditional 
amplifier in that the voltage between the input terminals and 
the bias currents are, ideally, zero. 



Rf (Ikfl) 




Figure 1. 

Closed-loop bandwidth (CLBW) of the AD9611 is first-order 
independent of its closed-loop gain (G). Its transfer function can 
be expressed as: 

Vo 



1. 



^o . 



F /, Rn 



+ 1 



ika 



where: 
Rf is the internal feedback resistor; Rp 
Rl is the gain-setting input resistor 
T(s) is the transimpedance gain as a function of 

frequency (s) and is independent of gain-setting 
resistors; T(s) = Vq (s)/Iin(s) 
G = Rp/Rl (closed-loop gain) 
Rn is the open-loop input impedance (typically 22n 
in the 200MHz - 300MHz band) 

When closed-loop gain is greatly increased, CLBW is only slightly 
diminished because of the low input impedance of Rn- The 
ratio of CLBW for any gain to CLBW at G = - can be determined 
using the following relationship: 



2. 



CLBW(G = x) ^ 
CLBW(G = 0) 



1 



1 



Rn , 



(1 - 0.022G) 



As an example, when G = -20, die CLBW will be 70% of the 
CLBW when G = (typically 310MHz). 



In the AD9611, Rp is internal and has a value of IkH; this 
design helps reduce the effect of stray capacitances and makes it 
easier to apply the amplifier. The low input impedance at the 
inverting input means all of the input signal voltage is impressed 
across Rl; this causes a direct voltage- to-current conversion to 
take place. 

Using only the feedback resistor within the unit means the gain 
of the AD9611 can be set by varying only RL 

APPLYING THE AD9611 OP AMP 

In applying the AD9611 op amp, there are certain precautions 
which must be observed to protect the unit from damage: 

1. Shorting either power supply input pin (Pins 9/10 or Pins 
1/12) to the output (Pin 11) will destroy the device. 

2. Shorting the output (Pin 11) to ground will destroy the 
device; no internal protection is included. 

As noted earlier, the noninverting input of the AD961 1 operational 
amplifier is a high impedance. This requires that it be driven 
from a low-impedance source, or connected to a low impedance 
when used in the inverting mode. Driving this input from a 
high impedance will reduce bandwidth. Feedback resistor Rp is 
internal to the AD9611 and has been precisely adjusted to allow 
a wide range of operating conditions. In some instances, the 
user may want to obtain higher closed-loop gains than those 
which can be achieved with only the internal feedback resistor. 
It is possible to use an external feedback resistor in series with 
the internal Ikfl Rp to achieve relatively higher gains, but 
bandwidth will be reduced. Table I lists typical band widths at 
G = - 5 with varying amounts of feedback resistance. In this 
listing, the Rp which is shown is the total resistance, including 
the internal IkH. 



Value of Rp 


-3dB Bandwidth 


ikn 

1.5kn 

2kn 

2.5kn 


280MHz 
175MHz 
135MHz 
125MHz 



Tablet 

Good layout practices are always crucial to realize the full potential 
of the AD961 1. A massive ground plane is strongly recommended. 
The ground plane provides a low impedance path for all power 
supply and signal currents, and suppresses EMI. 

Ceramic 0.1 |xF decoupling capacitors should be placed as close 
to the specified pins shown in Figures 2 and 3 as possible; 
preferably, the distance should be less than 0.1 inch. The (IOjjlF) 
tantalum capacitors for additional decoupling of each power 
supply should be placed within one inch of their specified pins. 

Run lengths must be kept as short as possible; if the signal path 
must be longer than two or three inches, use terminated coaxial 
cable and/or microstrip techniques. Impedance mismatches will 
cause signal reflections and system distortion. 

Output impedance of the driving source should equal RmatchIIRI 
(inverting mode) or Rmatch (noninverting mode). A suggested 
layout is shown on the last page of this data sheet. 

Parasitic capacitance associated with ZIF (and other) device 
sockets will severely degrade the performance of the AD961I; if 
sockets must be used, individual pin sockets for each lead are 
strongly encouraged. 
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IF Z,M =5011, Rmatch IIRI =5011 ff7 
R1 




GAIN = 

RF = 1,000n(internai) 

Rs* required if matching cable impedance or 

driving loads with capacitance greater 

than approximately 4pF 



Figure 2. AD9611 Inverting Operation 



GAIN = 1 + 



RF = 1,00011(internal) 




loads >8pF (if Rl = SOH) and >4pF (if Rl = 5000), 
isolation resistor Rs should be connected in series with the 
AD9611 output. 



90 
80 
70 
60 
50 
40 
30 














\ 








\ 


\ 














Rl =50011/ 




/ 








J 




1 






J 


y 




10 




^ 


y 
























Rs* required if matching cable impedance or _ gy 
driving loads with capacitance greater 
than approximately 4pF 



10 20 30 40 

Rs-n 
Figure 5. Output Capacitance vs. Compensation 

Isolating the capacitive load from the amplifier's output is 
particularly useful when driving flash A/D converters. 

REDUCING OUTPUT VOLTAGE DRIFT 

The expected dc error at the output of the AD9611 is a function 
of input offset voltage (Vio), and inverting and noninverting 
bias currents (Ig. and Ib+). The calculation is the same as it 
would be for conventional amplifiers. 

Bias currents vary inversely with temperature and typically 
track to within 10% of each other at high temperatures ( + 25°C 
to + 125°C); and within 30% at low temperatures ( - 55X to 

H-25°C). 



Figure 3. AD9611 Noninverting Operation 

The best high-frequency performance of the AD9611 is achieved 
when total output capacitance (Cl) is at a minimiun. Realistically, 
this is not always possible; but performance can be improved if 
a series resistor is used at the output of the ampUfier, as shown 
in Figure 4. 



O Vo 




\ 


AS~ 


















\ 
















Ib 


rAS+ 


^ 


*^ 




















"^ 


^ 


"^ 






















^ 



-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 
TEMPERATURE - °C 

Figure 6. Bias Currents vs. Temperature 



Figure 4. Isolating Capacitive Loads 



Output offset voltage drift (Vqd) in the inverting mode can be 
markedly reduced, especially at high temperatures, by inserting 

The imit will drive capacitive loads without appreciable degra- a resistor (R2) between the noninverting input (Pin 6) and ground. 

dation in either settling time or pulse fidelity. For driving capacitive This connection is shown in Figure 7. 
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For this configuration, output offset voltage can be determined 
as follows: 

Vo = Vro (l + If) + h^ (R2) (l + ll) - h- (Rf) 

where: 
Rl = gain-setting resistor 
Rf = internal feedback resistor (Ikfl) 
R2 = R1||Rf 
Cs ^ (16,200/R2)pF 

A shunt capacitor (Cs) must be connected in parallel with R2 
when using this technique to maintain the amplifier's maximum 
bandwidth, stability, and low-noise performance. The value of 
the shunt is shown above. 

As an example, assume the AD9611 is set up for a gain of -5j 
Rl should be 2000; R2 should be 167; and Cs should be 97pF. 
Resistor R2 reduces Vqd by indirectly nuUing the bias current 
drifts. The reduction in Vqd is dramatically reduced from what 




Figure 7. Reducing Offset Drift 

it would be by simply grounding Pin 6. At high gain settings, 
the reduction in Vqd becomes relatively less because Vio starts 
to dominate. 



AD9611 PERFORMANCE 

The following graphs and drawings provide additional information 
on the performance of the AD9611 transimpedance operational 
amplifier. The data which are shown are based on typical 
characteristics. 
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Small-Signal Pulse Response 



Large-Signal Pulse Response 
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Maximum Temperatures vs. Output Power 
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10 20 40 60 80 100 120 140 160 180 200 
CENTER FREQUENCY - MHz 

3rd Order Two-Tone Intermod Intercept 
(Gain= -5; Rload = 500) 



TEMPERATURE vs. OUTPUT POWER 

The chart above illustrates an important characteristic of the 
AD9611 amplifier. A proprietary design feature of the output 
stage assures a constant case temperature regardless of the amount 
of output power. This is in marked contrast to most conventional 
amplifiers, in which increasing amounts of power raise the case 
temperature of the device as junction temperature increases. 

This unique feature of the unit means that no heat sinking is 
required in still air at ambient temperatures as high as + 110°C; 
with air flow of 500 LFPM, the device can be operated to + HS^C 
before heat sinking is necessary. 
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Bandwidth vs. Rload (Av= -5) 
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FUNDAMENTAL FREQUENCY - MHz 
(Rload = 10011; VouT = 2Vp-p; Av= -5) 

Harmonics vs. Frequency 



QA AND QB ARE AD9611 OUTPUT TRANSISTORS. 

PciRcuiT IS TOTAL AD9611 POWER MINUS POWER OF THE OUTPUT TRANSISTORS 




> 155°C/W 



(COMPONENTS 
OTHER THAN 
TRANSISTOR 
JUNCTIONS) 



f)P0A (pPoB 



PoRcuiT = 520mW @ +25't: AND ±5V SUPPLIES 

""sTil^r = PQA+PQB = 200mW (WORST CASE: Vout=OV; RtoAD=50n) 

WHERE: . Vqut \ 

PQA=(Vcc-VouT)(20mA+2pi^| [WORST CASE IS AT +2.0V] 

PQB=(VEE-VouT)(-20mA+2jf^) [WORST CASE IS AT -2.0V] 

TjoB = Pqb(155 + Oca) + (Porcuit + Pqa) «ecA» + Tambient 
TiOA = Pqa(155 + Gca) + (Porcuit + Pqa) (©ca) + T 

AD9611 THERMAL MODEL 



AD961 1 Thermal Model 
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AD9611 LAYOUT INFORMATION 

The suggested layout of the AD9611 shown below is based on 
the proven performance of the AD9611 Evaluation Board. The 
user is urged to use a similar layout when incorporating the 
amplifier into the system in which it will operate. 

In the layout, resistors are film; O.IW; ± 1%; 50ppm. Capacitors 
CI and C2 are tantalum; IOjjlF; 20%; 35V. C3 - C8 are ceramic; 
0.1|jlF; 20%; 50V. Connectors Jl - J3 are Amphenol BNC type; 
pin sockets are available from Amp as part number 6-330808-0 
(closed end) or part number 6-330808-3 (open end). 

The input connections shown below are based on the layout of 
the evaluation board. Refer to Figure 2 (inverting operation) 
and Figure 3 (nonin verting operation) for schematic details. 



J1 El Rmatch 



V,N- 







RESISTORS SHOULD BE 
kglO FILM, 1/10 W, ±1% 



Suggested Layout Input Connections 



Operating Mode 


Connect 


Between 


Inverting 


Rmatch 
Rl 
Strap 
Strap 


ElandE2 
E3andE5 
E6andE7 
E8andE9 


Noninverting 


Rl 

Rmatch 


E4andE5 
E9andE10 



Table II. 



^w 


O 


Jl 

V,N- 


<®> 




o o 


E2 


«®ii->» 




o o 


J2 


<®> 




o^-^o 



+5V GND ▼ 

@ (§) 




AD961 1 Suggested Layout Component Side, Viewed from 
Top 




AD9611 Suggested Layout Component Side (Top) Viewed 
from Top 




AD961 1 Suggested Layout Solder Side (Bottom) Viewed 
from Top 
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ANALOG 
DEVICES 



Ultrafast FET 
Operational Amplifiers 



ADLH0032G/ADLH0032CG 



FEATURES 

2nd Source; Replaces All LH0032G 

High Slew Rate; 500V/jl(s 

Wide 70MHz Bandwidth 

Operation Guaranteed -55°C to +125''C (ADLH0032G) 

High Input Impedance of 10^^12 

2m V Input Offset Voltage 

APPLICATIONS 
ADC and SHA Input Buffers 
High Speed Integrators 
Video Amplifiers 



ADLH0032G/ADLH0032CG PIN CONFIGURATIONS 

NC 



NONINVERTED 
INPUT 




BALANCE/ 
COMPENSATION 



NC 
OUTPUT 
COMPENSATION 

TO-8 PACKAGE 

BOTTOM VIEW 



GENERAL DESCRIPTION 

The ADLH0032G and ADLH0032CG are high slew rate, high 
input impedance, differential operational amplifiers, suitable 
for numerous applications in high-speed signal processing. 
These second-source devices are the same in every character- 
istic as other LH0032G/LH0032CG amplifiers. 

Featuring a wide 70MHz bandwidth, high input impedance 
(10^^12), and high output drive capacity, the ADLH0032G 
and ADLH0032CG have already been designed into such 
applications as summing amplifiers in high-speed DACs, Buffer 
Amps in ADCs and high-speed SHAs, as well as other applica- 
tions normally reserved for special purpose video amplifiers. 

The ADLH0032G is guaranteed over the extended tempera- 
ture range from -55 C to +125 C, while the commercial grade 
ADLH0032CG is guaranteed from -25°C to +85°C. Both 
devices are packaged in a TO-8 metal can package. 




Figure 2. Output Short Circuit Protection 




Figure 1. Offset Null 
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SPECIFICATIONS 



Model 



ADLH0032G, ADLH0032CG 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Power Dissipation 

Differential Input Voltage 

Input Voltage 

Operating Temperature Range 



ADLH0032G 
ADLH0032CG 



Storage Temperature Range 

Lead Temperature (soldering, lOsec) 



±18V 

See Characteristic Curves 

±30V 

±Vs 

-55°Cto+125°C 

-25°Cto+85°C 

-65°Cto+150"C 

300°C 





ADLH0032G 


ADLH0032CG 




Parameter Conditions 
DC ELECTRICAL CHARACTERISTICS^ 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


Input Offset Voltage^ Tj = +25°C 




2 


5 
10 




5 


15 
20 


mV 


Input Offset Current^ Tj = +25°C 




5 


25 
25 




10 


50 

5 


pA 
nA 


Input Bias Current^ Tj = +25°C 




10 


100 
50 




25 


200 
15 


pA 
nA 


Average Offset Voltage Drift 




25 


50 




25 


50 


iuV/°C 


Large Signal Voltage Gain Vqut = ±10V, F = IkHz, 

Rl = Ik^, Tc = +25°C 
VouT = ±10V, Rl = lkl2, 
F -= IkHz 


60 

57 


70 




60 

57 


70 




dB 
dB 


Input Voltage Range 

Output Voltage Swing Rl = Ik^ 


±10 
±10 


±12 
±13.5 




±10 
±10 


±12 
±13 




V 
V 


Power Supply Rejection Ratio AVs = ±10V ' 
Common Mode Rejection Ratio A Vim = lOV 


50 
50 


60 
60 




50 
50 


60 
60 




dB 
dB 


Supply Current Tc = +25°C 




18 


20 




20 


22 


mA 


AC ELECTRICAL CHARACTERISTICS^ 

Slew Rate Ay = +1, AVjn = 20V 


350 


500 




350 


500 




V/jus 


Settling Time 

to 1% of Final Value Ay = -1, AVjn = 20V 




100 






100 




ns 


Settling Time 

to 0.1% of Final Value Ay = -1, AVjn = 20V 




300 






300 




ns 


Small Signal Rise Time Ay = +1, AVin = IV 




8 


20 




8 


20 


ns 


Small Signal Delay Time Ay = +1, AVin = IV 




10 


25 




10 


25 


ns 


MTBF 

Meantime Between Failures L0608 X lO"^ 














hours 



NOTES 

' These specifications apply for Vs = ±i5V and --SS^C to +125°C 

for the ADLH0032G and -ZS^'C to +85'C for the ADLH0032CG. 
^ Due to high speed automatic test techniques employed these parameters 

are correlated to junction temperature. 
^ These specifications apply for V^ = ±15V, Rl = Ikfi, Tc = +25°C. 

Specifications subject to change without notice. 



ORDERING INFORMATION 



Model 



Temperature 
Range 



Package 
Option* 



ADLII0032CG 
ADLn0032G 



-25 C to +85 C 
-55°Cto+125°C 



TO-8 (H-12A) 
TO-8 (H-12A) 



•See Section 16 for package outline information. 
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Applying the ADLH0032G/ADLH0032CG 



POWER SUPPLY DECOUPLING 

The ADLH0032G/ADLH0032CG, like most high-speed cir- 
cuits, are sensitive to stray capacitances and layout. Power sup- 
plies should be bypassed as near to ±V (Pins 10 and 12) as 
possible, using low inductance capacitors such as O.Ol/xF disc 
ceramics. Components for compensation should also be 
located close to the appropriate pins to reduce stray capaci- 
tances. A large ground plane area for low-impedance ground 
paths is highly recommended. 

HEAT SINKING 

The ADLH0032G/ADLH0032CG are specified for operation 
without any heat sink. Since internal power dissipation does 
create a significant temperature rise, improved bias current 
performance can be achieved by using a small heat sink such 
as the Thermalloy 2241 or equivalent. Since the case of the 
ADLH0032G/ADLH0032CG has no internal connection, it 
may be electrically connected to the heat sink. This, however. 



will affect the stray capacitances to all pins, therefore requiring 
adjustment of all circuit compensation values. 

INPUT CAPACITANCE 

Inverting Input: 

For optimum performance, the inverting input should be 
compensated by a small capacitance, around lOpF, across the 
feedback resistor. This is because the 5pF input capacitance 
may cause significant time constants with high-value resistors. 
The capacitor value may be changed somewhat depending on 
the effects of layout and closed loop gain. 

Noninverting Input: 

To divert leakage currents away from the noninverting input 
and to reduce the effective input capacitance, it is desirable 
to bootstrap the case and/or a guard conductor to the in- 
verting input. The resulting input capacitance of a unity gain 
follower configured this way will be less than 1 picofarad. 




V0UT=-^ 




Figure 4. Unity Gain Foliower 



Figure 3. Current l\/lode l\/lultiplexer 




I *USE POLYSTYRENE DIELECTRIC 

I FOR MINIMUM DRIFT 



Figure 5. High Speed Sample and Hold 



OPERATIONAL AMPLIFIERS 2-217 



Typical Performance Curves 
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ANALjOG 
DEVICES 



High Speed 
Buffer Amplifiers 



ADLH0033G/ADLH0033CG 



FEATURES 

2nd Source-Replaces All LH0033G Series 

Wide Bandwidth-dc to 100MHz 

High Slew Rate-ISOOV/jLis 

Operates on Single or Dual Power Supplies 

Operation Guaranteed -55°C to +125°C (ADLH0033G) 

High ^0^^Q, input Impedance 

APPLICATIONS 

High-Speed Line Drivers 

Video Impedance Transformation 

High-Speed A/D Input Buffers 

Nuclear Instrumentation Amplifiers 

Coaxial Cable Drive 



GENERAL DESCRIPTION 

The ADLH0033G and ADLH0033CG are superhigh speed 
(1500V//LIS slew rate) and high input impedance (10^* fi) 
buffer amplifiers, designed to replace all LH0033 series 
amplifiers in applications such as high-speed line drivers or 
as high impedance buffers for fast A/D converters and 
comparators. 

The ADLH0033G is guaranteed over the temperature range 
of -55°C to +125°C, while the commercial grade ADLH0033CG 
is guaranteed over the range of -25°C to +85°C. 

Guaranteed operation over temperature of the ADLH0033G 
is achieved by using specially selected junction FET's and the 
latest state-of-the-art laser trimming techniques. They are 
available in the industry standard 12 pin TO-8 metal can. 

OPERATION WITHIN AN OP AMP LOOP 

When using the ADLH0033G/ADLH0033CG as a current 
booster or isolation buffer with op amps such as LH0032, 
118, 741, etc., an isolation resistor of at least 47^ must be 



ADLH0033G/ADLH0033CG 
OUTLINE AND PIN DESIGNATIONS 



OFFSET 
ADJUST 




NC I Vc+ 

NC 

BOTTOM VIEW 

used between the op amp's output and the input of the 
ADLH0033G. 

HEAT SINKING 

To assure maximum output drive capability of the 
ADLH0033G/ADLH0033CG over temperature, heat sinks 
should be used. The cases are electrically isolated from the 
circuit and thus may be connected to system grounds. 

POWER SUPPLY BYPASSING 

To prevent oscillation, power supply bypassing is recommended. 
Use low-inductance ceramic disc caps, keeping lead lengths as 
short as possible (1/4 to 1/2 max from device package), 
connected between ground plane and each supply lead. Use 
one or two O.ljuF caps in parallel with a 4.7juF tantalum for 
best results. 





Figure 1. Offset Adjustment 



Figure 2. Short Circuit Protection Using Current 
Limiting Resistors (RlIM) 
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SPECinCATIONS 



ADLH0033G 



APLH0033CG 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V+ - V-) 

Maximum Power Dissipation (see curves) 

Maximuni Junction Temperature 

Input Voltage 

Continuous Output Current 

Peak Output Current 

Operating Temperature ADLH0033G 

ADLH0033CG 
Storage Temperature Range 
Lead Temperature (Soldermg, 10 sec.) 



40V 

1.5W 

175°C 

Equal to Supplies 

± 100mA 

±250mA 

-55°Cto+125°C 

-25°Cto+85°C 

-65°Cto+150°C 

300°C 







ADLH0033G 


ADLH0033CG 




Parameter 


Conditions 


min 


typ 


max 


min 


typ 


max 


Units 


DC ELECTRICAL CHARACTERISTICS^^ 
















Input Bias Current 


Tc = 25°C 




0.1 


0.15 
10 




0.15 


5 


nA 
nA 


Input Impedance 


Rl = Ikfi 


10»" 


10" 




10»° 


10»» 




a 


Voltage Gain 


ViN = IVrms, f= IkHz, 
Rl = Ikfi, Rs = lOOkfi 


0.96 


0.98 


1.0 


0.96 


0.98 


1.0 


v/v 


Output Offset Voltage 


Rs = 100kS2,Tc = 25-C 
Rs = lOOkn 




5 


10 
15 




12 


20 

25 


mV 

mV 


Output Offset Voltage TC 


Rs = lOOk^ 




50 


100 




50 


100 


fiV/°C 


Output Impedance 


ViN = lVrms, f=lkHz 
Rs = 100kl2, Rl = lkl2 




6 


10 




6 


10 


a 


Output Voltage Swing 


Rl = lkr2 

Rl = lOOfi, Tc = 25°C 


±12 
±9 


±13 




±12 
±9 


±13 




V 
V 


Supply Current 


VjN =0V, Vs=±15V 




20 


25 




21 


25 


mA 


Power Consumption 


ViN =0V, Vs = ±15V 




600 


660 




630 


720 


mW 



AC ELECTRICAL CHARACTERISTICS (Tc = 25 C, Vs = ±15 V, Rs = 500, Rl = IkO) 



Slew Rate 
Bandwidth 
Phase Nonlinearity 
Rise Time 
Propagation Delay 
Harmonic Distortion 


ViN=±10V 
ViN = IV rms 
BW = 1 to 20MHz 
AViN = 0.5V 
AVus, = 0.5V 
f>lkHz 


1000 


1500 

100 

2 

2.9 

1.2 

<0.1 




1000 

5 


1400 

100 

2 

3.2 

1.5 

<0.1 


5 


V/lis 

MHz 

Degrees 

ns 

ns 

% 


MTBF 

Meantime Between Failure 


1.962X10'' 














hours 


PACKAGE OPTION^ 
TO-8 (H-12A) 




ADLH0033G 


ADLH0033CG 





NOTES 

* Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, -15V 

applied to pins 9 and 10, and pin 6 connected to pin 7. 
'Unless otherwise noted, specifications apply over a temperature range, -55°C<Tc<+125°C 

for the ADLH0033G, and -25°C<Tc<+85°C for die ADLH0033CG. Typical values shown 

are for Tc = 25°C. 

'See Section 16 for package outline information. 
Specifications subject to change without notice. 



ORDERING INFORMATION 



Model 
ADLH0033CG 
ADLH0033G 



Temperature Range 

-25°Cto+85°C 
-55°Cto+125''c 
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Applying the ADLH0033G/ADLH0033CG 



LAYOUT CONSIDERATIONS 

As is the case with any high-speed design, proper layout is 
critical to avoid the introduction of unnecessary errors due to 
high-frequency coupling, stray capacitance, and the like. 

Large ground planes should be used whenever possible to 
provide a low resistance, low inductance circuit path, as well 
as shielding the effects of high-frequency coupling. Sockets 
should be avoided, as the increased inter-lead capacitance can 
degrade bandwidth. Input and output connections should be 
kept as short as practical. 

OFFSET ADJUSTMENT 

The ADLH0033G/ADLH0033CG are factory trimmed for 
output voltage offsets well within the guaranteed limits, 
thereby eliminating the need to calibrate each device in- 
dividually. To use this feature, simply connect Pin 6 (OFFSET 
PRESET) to Pin 7 (OFFSET ADJUST). 

When it is desirable to eliminate any errors due to output 
offsets, the circuit of Figure 1 may be used to adjust these 
errors to zero. 

SHORT CIRCUIT PROTECTION 

The circuit of Figure 2 is used to protect the ADLH0033G/ 
ADLH0033CG from short circuits on the output. The value 
of Rlim is determined by the following: 






Where l^c = Output Current under short circuit condi- 
tions < 100mA. 

Note that output voltage swing will also be somewhat limited 
in this configuration; however, decoupling of Pins 1 and 9 
through disc type capacitors to ground as shown in Figure 2 
will restore full output swing for transient pulses. 

OPERATION WITH ASYMMETRICAL SUPPLIES 

Since Symmetrical Power Supplies may not always be desirable 
or available, the ADLH0033G/ADLH0033CG is designed to 
operate on Asymmetrical Supplies. This causes an apparent 
output offset; however, this is because of the amplifier's gain 
of less than unity. To accurately predict the output voltage 
shift due to Asymmetrical Supplies, use the following formula: 

Avo - (1 -Ay) ^^^^ = 0.005 (V+- V-) 

Where Ay = No Load Voltage Gain, typically 0.99 
V+ = Positive Supply Voltage 
V- = Negative Supply Voltage 

Of course, these apparent offsets may be adjusted to zero by 
using the circuit shown in Figure 1, OFFSET ADJUSTMENT. 

CAPACITIVE LOADING 

The ADLH0033G/ADLH0033CG have been designed to drive 
capacitive loads of several thousand picofarads (such as 
coaxial cable) without oscillation. In these applications, peak 
current resulting from (C X dv/dt) should be limited below the 
absolute maximum peak current rating of ±2 50mA. 

Also, power dissipation due to driving capacitive loads plus 
standby power should be kept below the total power rating 
of 1.5W. 



INPUT OAA<V- ADLH0033 




INPUT 0—-| } ■ A \ \ • -VAr— 



Figure 4. Wideband Two Pole High Pass Filter 



^^•^^ i 



-E/ 2 ts^ 





Figure 5. High Speed Peak Detector 




Figure 6. High Speed Shield/Line Driver 
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Typical Performance Curves 







\, 










2.0 






\ 


s. 








2 1.5 






\ 


CA^P 








N 




X" 


ecc/w 




5 1.0 

i 




_AMBIE 


k 


s 


\, 






ejA = i 


oo°c/w' 


X 


\ 












N 

































TEMPERATURE - °C 



Power Dissipation vs Temperature 
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ANALOG 
DEVICES 



Ultralow Offset 
Voltage Op Amp 



AD OP-07 



FEATURES 

Ten Times More Gain than Other OP-07 Devices 

(S.OiVI min) 
Ultralow Offset Voltage: 10»jiV 
Ultralow Offset Voltage Drift: 0.2)jiV/X 
Ultrastable vs. Time: 0.2|jiVrC 
Ultralow Noise: 0.35|jlV p-p 
No External Components Required 
Monolithic Construction 
High Common-Mode Input Range: ± 14.0V 
Wide Power Supply Voltage Range: ±3V to ± 18V 
Fits 725, 108A/308A Sockets 
Military Parts and Plus Parts Available 
8-Pin Plastic Mini-DIP, Cerdip, Small Outline or 

TO-99 Hermetic Metal Can 
Available in Wafer-Trimmed Chip Form 



PRODUCT DESCRIPTION 

The AD OP-07 is an improved version of the industry-standard 
OP-07 precision operational amplifier. A guaranteed minimum 
open-loop voltage gain of 3,000,000 (AD OP-07 A) represents 
an order of magnitude improvement over older designs; this 
affords increased accuracy in high closed-loop gain apphca- 
tions. Typical input offset voltages as low as lOjuV, typical 
bias currents of 0.7nA, internal compensation and device pro- 
tection eliminate the need for external components and 
adjustments. An input offset voltage temperature coefficient 
of 0.2juV/°C (typ) and long-term stability of 0.2juV /month 
(typ) eliminate recalibration or loss of initial accuracy. 

A true differential operational amplifier, the AD OP-07 has a 
high common-mode input voltage range (±13V, min) common- 
mode rejection ratio (typically up to 126dB) and high differen- 
tial input impedance (50Mfi ^yp); these features combine to 
assure high accuracy in noninverting configurations. Such 
appHcations include instrumentation amplifiers, where the 
increased open-loop gain maintains high linearity at high 
closed-loop gains. 

The AD OP-07 is available in five performance grades. The AD 
OP-07E, AD OP-07C and AD OP-07D are specified for opera- 
tion over the to +70 C temperature range, while the AD 
OP-07A and AD OP-07 are specified for -55°C to +125°C 
operation. All devices are available in either the TO-99 
hermetically sealed metal cans or the hermetically sealed 
cerdip packages, while the industrail grades are also available 
in plastic 8-pin mini-DIPs and small outUne packages. 



AD OP-07 CONNECTION DIAGRAMS 



TO-99 (H) Package 




Plastic Mini-DIP (N) Package 

and 

Cerdip (Q) Package 



OFFSET 
NULL 



E 
E- 
E- 
E 



HOFFSI 
NULL 

T] +Vs 

"T] OUTPI 

T] NC 



Small Outline (R) Package 



-IN r-T— 

+ IN 



1 8 

4 S 



PRODUCT HIGHLIGHTS 

1. Increased open-loop voltage gain (3.0 million, min) results 
in better accuracy and linearity in high closed-loop gain 
applications. 

2. Ultralow offset voltage and offset voltage drift, combined 
with low input bias currents, allow the AD OP-07 to main- 
tain high accuracy over the entire operating temperature 
range. 

3. Internal frequency compensation, ultralow input offset 
voltage and full device protection eUminate the need for 
additional components. This reduces circuit size and com- 
plexity and increases reliability. 

4. High input impedances, large common mode input voltage 
range and high common mode rejection ratio make the 

AD OP-07 ideal for noninverting and differential instrumen- 
tation applications. 

5. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 

6. The input offset voltage is trimmed at the wafer stage. Un- 
mounted chips are available for hybrid circuit applications. 
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SPECIFICATIONS 



(Ta= +251!, Vs= ±15V, unless othenvise specified) 



Model 




AD OP-07E 1 


AD OP-07C 1 


AD OP-07D 


Parameter 


Symbol 


Min 


Typ 


Max 


Min 


Typ Max 


Min 


Typ Max 


OPEN LOOP GAIN 


Avo 


2,000 


5,000 




1,200 


4,000 


1,200 


4,000 






1,800 


4,500 




1,000 


4,000 


1,000 


4,000 






300 


1,000 




300 


1,000 


300 


1,000 


OUTPUT CHARACTERISTICS 


















Maximum Output Swing 


VoM 


±12.5 


±13.0 




±12.0 


±13.0 


±12.0 


±13.0 






±12.0 


±12.8 




±11.5 


±12.8 


±11.5 


±12.8 






±10.5 


±12.0 






±12.0 










±12.0 


±12.6 




±11.0 


±12.6 


±11.0 


±12.6 


Open-Loop Output Resistance 


Ro 




60 






60 




60 


FREQUENCY RESPONSE 


















Closed Loop Bandwidth 


BW 




0.6 






0.6 




0.6 


Slew Rate 


SR 




0.17 






0.17 




0.17 


INPUT OFFSET VOLTAGE 


















Initial 


Vos 




30 
45 


75 
130 




60 150 

85 250 




60 150 

85 250 


Adjustment Range 






±4 






±4 




±4 


Average Drift 


















No External Trim 


TCVcs 




0.3 


1.3 




0.5 1.8 




0.7 2.5 


With External Trim 


TCV(xsN 




0.3 


1.3 




0.4 1.6 




0.7 2.5 


Long Term Stability 


V()s/Time 




0.3 


1.5 




0.4 2.0 




0.5 3.0 


INPUT OFFSET CURRENT 


















Initial 


I()S 




0.5 
0.9 


3.8 

5.3 




0.8 6.0 

1.6 8.0 




0.8 6.0 

1.6 8.0 


Average Drift 


TCIos 




8 


35 




12 50 




12 50 


INPUT BIAS CURRENT 


















Initial 


Ib 




±1.2 
±1.5 


±4.0 

±5.5 




±1.8 ±7.0 
±2.2 ±9.0 




±2.0 ±12 
±3.0 ±14 


Average Drift 


TCIb 




13 


35 




18 50 




18 50 


INPUT RESISTANCE 


















Differential 


RiN 


15 


50 




8 


33 


7 


31 


Common Mode 


RiNCM 




160 






120 




120 


INPUT NOISE 


















Voltage 


enP-P 




0.35 


0.6 




0.38 0.65 




0.38 0.65 


Voltage Density 


Cn 




10.3 
10.0 
9.6 


18.0 
13.0 
11.0 




10.5 20.0 
10.2 13.5 
9.8 11.5 




10.5 20.0 
10.2 13.5 
9.8 11.5 


Current 


inP-p 




14 


30 




15 35 




15 35 


Current Density 


in 




0.32 
0.14 
0.12 


0.80 
0.23 
0.17 




0.35 0.90 
0.15 0.27 
0.13 0.18 




0.35 0.90 
0.15 0.27 
0.13 0.18 


INPUT VOLTAGE RANGE 


















Common Mode ' 


CMVR 


±13.0 


±14.0 




±13.0 


±14.0 


±13.0 


±14.0 






±13.0 


±13.5 




±13.0 


±13.5 


±13.0 


±13.5 


Common-Mode Rejection 


















Ratio 


CMRR 


106 


123 




100 


120 


94 


110 






103 


123 




97 


120 


94 


106 


POWER SUPPLY 


















Current, Quiescent 


Iq 




3.0 


4.0 




3.5 5.0 




3.5 5.0 


Power Consumption 


Pr> 




90 
6.0 


120 
9.0 




105 150 
6.0 9.0 




105 150 
6.0 9.0 


Rejection Ratio 


PSRR 


94 


107 




90 


104 


90 


104 






90 


104 




86 


100 


86 


100 


OPERATING TEMPERATURE 


















RANGE 


T T 

* mm 5 * max 







+ 70 





+ 70 





+ 70 


PACKAGE OPTIONS^ 


















Small Outline (R-8) 












ADOP-07CR 






Plastic Mini-DIP(N-8) 




ADOP-07EN 




ADOP-07CN 




ADOP-07DN 


Cerdip(Q-8) 




ADOP-07EQ 




ADOP-07CQ 




ADOP-07DQ 


TO-99(H-08A) 




ADOP-07EH 




ADOP-07CH 




ADOP-07DH 



NOTES 

'Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power Additionally, the AD OP-07A offset voltage is guaranteed fully warmed up. 

^Long-Term Input Offset Voltage Stability refers to the averaged trend line of Vqs vs. Time over extended periods of time 
and IS extrapolated from high temperature test data. Excluding the initial hour of operation, changes in Vqs during the first 
30 operating days are typically 2.5|jlV - Parameter is not 100% tested. 90% of units meet this specification. 

^See Section 16 for package outline information. 
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AD OP-07A I 


AD OP-07 






Min 


Typ Max 


Min 


Typ Max 


Test Conditions 


Units 


3,000 


5,000 


2,000 


5,000 


RL5^2ka,Vo=±10V 


V/mV 


2,000 


4,000 


1,500 


4,000 


RL^2kn, Vo= ± 10V,T^„toT^x 


V/mV 


300 


1,000 


300 


1,000 


RL = 500a,Vo= ±0.5V,Vs= ±3V 


V/mV 


±12.5 


±13.0 


±12.5 


±13.0 


RL^ioka 


V 


±12.0 


±12.8 


±12.0 


±12.8 


RL^2kn 


V 


±10.5 


±12.0 


±10.5 


±12.0 


RL^lkO 


V 


±12.0 


±12.6 


±12.0 


±12.6 


RL^2kn,Tm.ntoTmax 


V 




60 




60 


Vo = 0,lo = 


a 




0.6 




0.6 


AvcL= + 1.0 


MHz 




0.17 




0.17 


RL^2k 


V/[LS 




10 25 




30 75 


Notel 


^.v 




25 60* 




60 200* 


TmrntoT^a^ 


^lV 




±4 




±4 


Rp = 20kn 


mV 




0:2 0.6 




0.3 1.3 


T„,.„t0T^ax 


ixvrc 




0.2 0.6 




0.3 1.3 


Rp = 20kn,T™„toT„«x 


jxV/°C 




0.2 1.0 




0.2 1.0 


Note 2 


jxV/Month 




0.3 2.0 




0.4 2.8 




nA 




0.8 4.0 




1.2 5.6 


T„„ntoT^ax 


nA 




5 25 




8 50 


T„„ntoT^ax 


pA/°C 




±0.7 ±2.0 




±1.0 ±3.0 




nA 




±1.0 ±4.0 




±2.0 ±6.0 


TmmtoTmax 


nA 




8 25 




13 50 


Tmmt0T„,ax 


pA/°C 


30 


80 


20 


60 




Mn 




200 




200 




on 




0.35 0.6 




0.35 0.6 


O.lHztolOHz 


fiVp-p 
nV/VHi 




10.3 18.0 




10.3 18.0 


fo=10Hz 




10.0 13.0 




10.0 13.0 


fo=100Hz 


nV/Viii 




9.6 11.0 




9.6 11.0 


fo=lkHz 


nV/vHi 




14 30 




14 30 


O.lHztolOHz 


pAp-p 
pA/VOIz 




0.32 0.80 




0.32 0.80 


fo=10Hz 




0.14 0.23 




0.14 0.23 


fo=100Hz 


pA/Vui 




0.12 0.17 




0.12 0.17 


fo=lkHz 


pA/VHz 


±13.0 


±14.0 


±13.0 


±14.0 




V 


±13.0 


±13.5 


±13.0 


±13.5 


T^ntoT^ax 


V 


110 


126 


110 


126 


VcM=±CMVR 


dB 


106 


123 


106 


123 


VcM= ±CMVR,T„,.„toT^ax 


dB 




3.0 4.0 




30 4.0 


Vs=±15V 


mA 




90 120 




90 120 


Vs=±15V 


mW 




6.0 8.4 




6.0 8.4 


Vs=±3V 


mW 


100 


110 


100 


110 


Vs=±3Vto±18V 


dB 


94 


106 


94 


106 


Vs= ±3VtO ± 18V,T„.ntoTn,ax 


dB 


-55 


+ 125 


-55 


+ 125 




°C 




ADOP-07AQ 




ADOP-07Q 








ADOP-07AH 




ADOP-07H 







Specifications sub)ect to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results firom those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±22V 

Internal Power Dissipation (Note 1) 500m W 

Differential Input Voltage ± 30V 

Input Voltage ± Vs 

Output Short Circuit Duration Indefinite 

Storage Temperature Range -65''Cto +150°C 

Operating Temperature Range 

AD OP-07A, AD OP-07 -55Xto +125°C 

AD OP-07E, AD OP-07C, AD OP-07D .... to +70°C 
Lead Temperature Range (Soldering 60sec) + 300°C 

NOTES 

Note 1: Maximum package power dissipation vs. ambient temperature. 

Maximum Ambient Derate Above Maximum 

Package Type Temperature for Rating Ambient Temperature 

TO-99(H) 80°C 7.1mW/°C 

Mini-DIP(N) 36°C 5.6mW/°C 

Cerdip(Q) 75°C 6.7mW/°C 



CHIP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 




THE AD OP-07 IS AVAILABLE IN WAFER-TRIMMED CHIP FORM FOR 
PRECISION HYBRIDS CONSULT THE FACTORY FOR DETAILS 




OVo 






Offset Voltage Test Circuit 




ALL OTHER PINS 
ARE NOT CONNECTED 



-18V 

Burn-in Circuit 



AD OP-07 ORDERING GUIDE 





Package 


Temperature 


Max Initial 


Ma 


Model 


Option 


Range (X) 


Offset (jjlV) 


Dri 


ADOP-07EH 


TO-99 


Oto+70 


75 


1.3 


ADOP-07EN 


Mini-DIP 


Oto+70 


75 


1.3 


ADOP-07EQ 


Cerdip 


Oto+70 


75 


1.3 


ADOP-07CH 


TO-99 


Oto+70 


150 


1.8 


ADOP-07CN 


Mini-DIP 


Oto+70 


150 


1.8 


ADOP-07CQ 


Cerdip 


Oto+70 


150 


1.8 


ADOP-07CR 


Small Outline 


Oto+70 


150 


1.8 


ADOP-07DH 


TO-99 


Oto+70 


150 


2.5 


ADOP-07DN 


Mini-DIP 


Oto+70 


150 


2.5 


ADOP-07DQ 


Cerdip 


Oto+70 


150 


2.5 


ADOP-07AH 


TO-99 


-55 to + 125 


25 


0.6 


ADOP-07AQ 


Cerdip 


-55 to + 125 


25 


0.6 


ADOP-07H 


TO-99 


-55 to + 125 


75 


1.3 


ADOP-07Q 


Cerdip 


-55 to + 125 


75 


1.3 



Drift (»jlV/X) 
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Applying the AD OP-07 



The AD OP-07 may be directly substituted for other OP-07's 
as well as 725, 108/208/308, 108A/208A/308A, 714, OP-05 
or LMl 1 devices, with or without removal of external fre- 
quency compensation or offset nulling components. If used to 
replace 741 devices, offset nulling components must be re- 




Figure 1. Optional Offset Nulling Circuit and 
Power Supply Bypassing 



moved (or referenced to +Vs). Input offset voltage of the AD 
OP-07 is very low, but if additional nulling is required, the cir- 
cuit shown in Figure 1 is recommended. 

The AD OP-07 provides stable operation with load capaci- 
tances up to 500pF and ±10V swings; larger capacitances 
should be decoupled with 5012 resistor. 

Stray thermoelectric voltages generated by dissimilar metals 
(thermocouples) at the contacts to the input terminals can pre- 
vent realization of the drift performance indicated. Best opera- 
tion will be obtained when both input contacts are maintained 
at the same temperature, preferably close to the temperature 
of the device's package. 

Although the AD OP-07 features high power supply rejection, 
the effects of noise on the power supplies may be minimized 
by bypassing the power supplies as close to pins 4 and 7 of the 
AD OP-07 as possible, to load ground with a good-quality 
O.OljLiF ceramic capacitor as shown in Figure 1. 



Performance Curves 



(typical @Ta = +25°C, Vs = ±15V, AD OP-07 Grade Device unless otherwise noted) 
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VoUT, 5V/DIV 
AD OP-07 Open Loop Gain Curve 
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1SEC/DIV 



AD OP-07 Low Frequency Noise (See Test Circuit, 
on the Previous Page) 
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Open Loop Gain vs. Temperature 



01 1 10 10 100 Ik 10k 100k 1M 10M 
FREQUENCY - Hz 

Open Loop Frequency Response 
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Typical Performance Curves 



10 100 Ik 10k 100k 1M 10M 
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FREQUENCY - Hz 



Closed Loop Response for Various Gain Configurations 



BANDWIDTH - kHz 



Input Wideband Noise vs. Bandwidth (0. 1kHz to Frequency 
Indicated) 
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FREQUENCY -kHz 



Maximum Undistorted Output vs. Frequency 






1 2 3 4 5 6 7 



Offset Voltage vs. Time 
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1 10 10Q Ik 10k 100k 

FREQUENCY - Hz 

CMRR vs. Frequency 
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1 10 10 100 , Ik 10k 

FREQUENCY - Hz 

PSRR vs. Frequency 
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TOTAL SUPPLY VOLTAGE, V+ TO V- - Volts 

Pov\fer Consumption vs. Power Supply 
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LOAD RESISTOR TO GROUND - kfi 



Output Voltage vs. Load Resistance 




ANALOG 
DEVICES 



Ultralow-Noise 
Precision Op Amp 



AD OP-27 



FEATURES 

Ultraiow Noise: 80nV p-p (0.1Hz to lOHz), 

3nV/VHzat 1kHz 
Ultraiow Offset Voltage Drift: 0.2fjLV/X 
High Offset Stability Over Time: 0.2jjiV/month 
High Slew Rate: 2.8V/)jls 
High Gain Bandwidth Product: 8MHz 
Low Offset Voltage: IOjjlV 

High CMRR: 126dB Over ±11V Input Voltage Range 
Fits OP-07, OP-05, OP-06, 5534, 725, 714 and 

741 Sockets 
Military Grade and Plus Parts Available 
8-Pln Plastic Mini-DIP, Cerdip or TO-99 Hermetic 

Metal Can 
Available in Wafer-Trimmed Chip Form 



AD OP.27 CONNECTION DIAGRAMS 



TO-99 
(H) Package 



OFFSET NULL 




Plastic Mini-DIP (N) Package 

and 

Cerdip (Q) Package 



OFFSET NULL [T 



INPUT 




TOP VIEW 
NOTE PIN 4 CONNECTED TO CASE 



PRODUCT DESCRIPTION 

The AD OP-27 offers the combined features of high precision, 
ultraiow noise and high speed in a monolithic bipolar operational 
ampUfier. State-of-the-art performance for high accuracy ampli- 
fication of very low level signals, where inherent device noise 
can be the limiting factor, is attainable with the AD OP-27. As 
a device directly compatible with other low noise op amps, the 
AD OP-27 features industry standard dc performance; typical 
input offset voltages of lOfxV and typical input offset voltage 
temperature coefficients of 0.2|jlV/°C. The super low input voltage 
noise performance of the AD OP-27 is characterized by an Cn 
p-p (typ) of 80nV (O.lHz to lOHz), an Cn (typ) of 3.0nV/VHz 
(at IkHz) and a 1/f noise corner frequency of 2.7Hz. AC specifi- 
cations including a 2.8V/|xs (typ) slew rate and an 8MHz (typ) 
gain bandwidth product are possible without sacrificing dc accu- 
racy. Long-term stability is assured by an input offset voltage 
drift specification of 0.2jxV/month. 

Source resistance related errors with the AD OP-27 are minimized 
by a low input bias current at ambient of ± lOnA (typ) and an 
input offset current of 7nA (typ). An input bias current cancellation 
circuit Hmits bias and offset currents over the extented temperature 
range to ±20nA (typ) and 15nA (typ), respectively. Other factors 
inducing input referred errors such as power supply variations 
and common-mode voltages are attenuated by a PSRR and 
CMRR of at least 120dB. 

The AD OP-27 is available in six performance grades. The AD 
OP-27E, AD OP-27F and AD OP-27G are specified for operation 
over the - 25°C to + 85°C temperature range, while the AD 
OP-27A, AD OP-27B and AD OP-27C are specified for - 55°C 
to + 125°C operation. All devices are available in either the 
TO-99 hermetically sealed metal cans or the hermetically sealed 
cerdip packages, while the E, F and G grades are also available 
in plastic mini-DIPs. 



PRODUCT HIGHLIGHTS 

1 . Precision ampHfication of very low level, low frequency voltage 
inputs is enhanced by ultraiow input voltage noise. 

2. The AD OP-27 maintains high dc accuracy over an extended 
temperature range due to ultra-low offset voltage, offset 
voltage drift and input bias current. 

3. Internal frequency compensation, factory adjusted offset 
voltage and full device protection eliminate the need for 
additional components. Circuit size and complexity are reduced 
while reliability is increased. 

4. Long-term stability and accuracy is assured with low offset 
voltage drift over time. 

5. Input referred errors are greatly reduced by superior common 
mode and power supply rejection characteristics. 

6. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 
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orLuinuHiiun 


a,= +25n;.Vs= 


±15V, unless othenvise specified) 










Model 


AD OP.27G 


AD OP-27F 


AD OP-27E 


Parameter 


Symbol 


Min 


Typ Max 


Min Typ 


Max 


Min 


Typ 


Max 


OPEN LOOP GAIN 


Avo 


700 


1,500 


1,000 1,800 




1,000 


1,800 








400 


1,500 


800 1,500 




800 


1,500 








200 


500 


250 700 




250 


700 








450 


1,000 


700 1,300 




750 


1,500 




OUTPUT CHARACTERISTICS 


















Voltage Swing 


Vo 


±n.5 


±13.5 


±12.0 ±13.8 




±12.0 


±13.8 








±10.0 


±11.5 


±10.0 ±11.5 




±10.0 


±11.5 








±11.0 


±13.3 


±11.4 ±13.5 




±11.7 


±13.6 




Open-Loop Output Resistance 


Ro 




70 


70 






70 




FREQUENCY RESPONSE 


















Gain Bandwidth Product 


GBW 


5.0 


8.0 


5.0 8.0 




5.0 


8.0 




Slew Rate 


SR 


1.7 


2.8 


1.7 2.8 




1.7 


2.8 




INPUT OFFSET VOLTAGE 


















Initial 


Vos 




30 100 


20 


60 




10 


25 








55 220 


40 


140 




20 


60 


Average Drift 


TCVos 




0.4 1.8 


0.3 


1.3 




0.2 


0.6 


Long Term Stability 


Vos/Time 




0.4 2.0 


0.3 


1.5 




0.2 


1.0 


Adjustment Range 






±4.0 


±4.0 






±4.0 




INPUT BIAS CURRENT 


















Initial 


Ib 




±15 ±80 


±12 


±55 




±10 


±40 








±25 ±150 


±18 


±95 




±14 


±60 


INPUT OFFSET CURRENT 


















Initial 


los 




12 75 


9 


50 




7 


35 








20 135 


14 


85 




10 


50 


INPUT NOISE 


















Voltage 


enP-p 




0.09 0.25 


0.08 


0.18 




0.08 


0.18 


Voltage Density 


Cn 




3.8 8.0 


3.5 


5.5 




3.5 


5.5 








3.3 5.6 


3.1 


4.5 




3.1 


4.5 








3.2 4.5 


3.0 


3.8 




3.0 


3.8 


Current Density 


in 




1.7 


1.7 


4.0 




1.7 


4.0 








1.0 


1.0 


2.3 




1.0 


2.3 








0.4 0.6 


0.4 


0.6 




0.4 


0.6 


INPUT VOLTAGE RANGE 


















Common Mode 


CMVR 


±n.o 


±12.3 


±11.0 ±12.3 




±11.0 


±12.3 








±10.5 


±11.8 


±10.5 ±11.8 




±10.5 


±11.8 




Common-Mode Rejection 


















Ratio 


CMRR 


100 


120 


106 123 




114 


126 








96 


118 


102 121 




110 


124 




INPUT RESISTANCE 


















Differential 


RiN 


0.8 


4 


1.2 5 




1.5 


6 




Common Mode 


RiNCM 




2 


2.5 






3 




POWER SUPPLY 


















Rated Performance 






±15 


±15 






±15 




Operating 






±(4-18) 


±(4-18) 






±(4-18) 




Current, Quiescent 


Iq 




3.3 5.6 


3.0 


4.6 




3.0 


4.6 


Rejection 


PSR 




2 20 


1 


10 




1 


10 








2 32 


2 


16 




2 


15 


Power Consumption 


Pd 




100 170 


90 


140 




90 


140 


OPERATING TEMPERATURE RANGE 


















1 minj 1 max 


-25 


+ 85 


-25 


+ 85 


-25 




+ 85 


PACKAGE OPTIONS^ 


















Plastic Mini-DIP(N-8) 




ADOP-27GN 


ADOP-27FN 




ADOP-27EN 




Cerdip(Q-8) 




ADOP-27GQ 


ADOP-27FQ 




ADOP-27FQ 




TO-99(H-08A) 




ADOP-27GH 


ADOP-27FH 




ADOP-27EH 





NOTES 

'Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
powers A and E grades are guaranteed fully warmed up. 

^Long-Term Input Offset Voltage Stability refers to the average trend line of Vqs vs. time after the first 30 days. 
^See Section 16 for package outline information. 
Specifications subject to change without notice. 
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AD OP-27C 


AD OP-27B 


AD OP-27A 


Conditions 


Units 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 






700 


1,500 




1,000 


1,800 




1,000 


1,800 




Ri>2m,VouT=±10V 


V/mV 


400 


1,500 




800 


1,500 




800 


1,500 




Ri.^lkn,VouT=±10V 


V/mV 


200 


500 




250 


700 




250 


700 




Ri^ = 600a, VouT = ± 1 V, Vs = ± 4V 


V/mV 


300 


800 




500 


1,000 




600 


1,200 




Ri^^2kfi, VouT = ± lOV, Ta = min to max 


V/mV 


±11.5 


±13.5 




±12.0 


±13.8 




±12.0 


±13.8 




Ri,^2kn 


V 


±10.0 


±11.5 




±10.0 


±11.5 




±10.0 


±11.5 




Ri.^600fl 


V 


±10.5 


±13.0 
70 




±11.0 


±13.2 
70 




±11.5 


±13.5 
70 




Ri 5=2kn,Ta = min to max 
IouT = OA,VouT = OV 


V 

n 


5.0 


8.0 




5.0 


8.0 




5.0 


8.0 






MHz 


1.7 


2.8 




1.7 


2.8 




1.7 


2.8 




Ri.^2kn 


V/JJLS 




30 


100 




20 


60 




10 


25 


(Note 1) 


fxV 




70 


300 




50 


200 




30 


60 


Ta = min to max 


^JlV 




0.4 


1.8 




0.3 


1.3 




0.2 


0.6 


Ta = mm to max 


M.V/°C 




0.4 


2.0 




0.3 


1.5 




0.2 


1.0 


(Note 2) 


fjiV/month 




±4.0 






±4.0 






±4.0 




Rp=iokn 


mV 




±15 


±80 




±12 


±55 




±10 


±40 




nA 




±35 


±150 




±28 


±95 




±20 


±60 


Ta = min to max 


nA 




12 


75 




9 


50 




7 


35 




nA 




30 


135 




22 


85 




15 


50 


Ta = min to max 


nA 




0.09 


0.25 




0.08 


0.18 




0.08 


0.18 


O.lHztolOHz 


nV/VHz 




3.8 


8.0 




3.5 


5.5 




3.5 


5.5 


fo=10Hz 




3.3 


5.6 




3.1 


4.5 




3.1 


4.5 


fo = 30Hz 


nV/vH^ 




3.2 


4.5 




3.0 


3.8 




3.0 


3.8 


fo=1000Hz 


nV/VH^ 




1.7 


_ 




1.7 


4.0 




1.7 


4.0 


fo=10Hz 


pA/VHz 




1.0 


_ 




1.0 


2.3 




1.0 


2.3 


fo = 30Hz 


pA/vHi 




0.4 


0.6 




0.4 


0.6 




0.4 


0.6 


fo=1000Hz 


pA/vlii 


±11.0 


±12.3 




±11.0 


±12.3 




±11.0 


±12.3 






V 


±10.2 


±11.5 




±10.3 


±11.5 




±10.3 


±11.5 




Ta = min to max 


V 


100 


120 




106 


123 




114 


126 




VcM=±llV 


dB 


94 


116 




100 


119 




108 


122 




VcM — — lOV, Ta = min to max 


dB 


0.8 


4 

2 




1.2 


5 
2.5 




1.5 


6 
3 






Mfl 

on 




±15 






±15 






±15 






V 




±(4-18) 






±(4-18) 






±(4-18) 






V 




3.3 


5.6 




3.0 


4.6 




3.0 


4.6 


Vs=±15V 


mA 




2 


20 




1 


10 




1 


10 


Vs= ±4Vto±18V 


fxV/V 




4 


51 




2 


20 




2 


16 


Vs = ± 4. 5 V to ± 18V, Ta = min to max 


jjlV/V 




100 


170 




90 


140 




90 


140 


VouT = OV 


mW 


-55 




+ 125 


-55 




+ 125 


-55 




+ 125 




°C 


ADOP-27CQ 




ADOP-27BQ 




ADOP-27AQ 








ADOP-27CH 




ADOP-27BH 




ADOP-27AH 










Specifications shown in boldface are tested on ail production units at final 
electrical test. Results firom those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ± 18V 

Internal Power Dissipation (Note 1) 500m W 

Input Voltage ± Vs 

Output Short Circuit Duration Indefinite 

Differential Input Voltage (Note 2) ±0.7V 



Differential Input Current (Note 2) ± 25mA 

Storage Temperature Range -65°Cto +150°C 

Operating Temperature Range 
AD OP-27A, AD OP-27B, AD OP-27C . - 55°C to + 125°C 
AD OP-27E, AD OP-27F, AD OP-27G . - 25°C to + 85°C 

Lead Temperature Range (Soldering 60sec) 300°C 



NOTES: 

Note 1: Maximum package power dissipation vs. ambient temperature. 



Package Type 
TO-99(H) 
Mini-DIP(N) 
Cerdip(Q) 



Maximum Ambient 
Temperature for Rating 
80°C 
36°C 

75°C 



Derate Above Maximum 
Ambient Temperature 
7.1mW/°C 
5.6mW/°C 
6.7mW/°C 



Note 2: The AD OP-27's inputs are protected by back-to-back diodes. To achieve low noise current hmiting resistors could 
not be used. If the differential input voltage exceeds ±0.7V, the input current should be limited to 25mA. 



CHIP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 



AD OP-27 ORDERING GUIDE 




NULL -INPUT, + INPUT V- 

THE AD OP-27 IS AVAILABLE IN WAFER-TRIMMED CHIP FORM 
CONSULT THE FACTORY FOR DETAILS 





Package 


Temperature 


Max Initial 


Max Offset 


Model 


Option* 


Range (°C) 


Offset (jjiV) 


Drift (|iV/X) 


ADOP-27GH 


TO-99 


-25 to +85 


100 


1.8 


ADOP-27GN 


Mini-DIP 


-25 to +85 


100 


1.8 


ADOP-27GQ 


Cerdip 


-25 to +85 


100 


1.8 


ADOP-27FH 


TO-99 


-25 to +85 


60 


1.3 


ADOP-27FN 


Mini-DIP 


-25 to +85 


60 


1.3 


ADOP-27FQ 


Cerdip 


-25 to +85 


60 


1.3 


ADOP-27EH 


TO-99 


-25 to +85 


25 


0.6 


ADOP-27EN 


Mini-DIP 


-25 to +85 


25 


0.6 


ADOP-27EQ 


Cerdip 


-25 to +85 


25 


0.6 


ADOP-27CH 


TO-99 


-55 to + 125 


100 


1.8 


ADOP-27CQ 


Cerdip 


-55 to + 125 


100 


1.8 


ADOP-27BH 


TO-99 


-55 to + 125 


60 


1.3 


ADOP-27BQ 


Cerdip 


-55 to + 125 


60 


1.3 


ADOP-27AH 


TO-99 


- 55 to + 125 


25 


0.6 


ADOP-27AQ 


Cerdip 


-55 to + 125 


25 


0.6 



*See Section 16 for package outline information. 
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APPLICATION NOTES FOR THE AD OP-27 

The AD OP-27 can be used in the sockets of many of the popular 
precision bipolar input operational amplifiers on the market. 
Elimination of external frequency compensation or nulling cir- 
cuitry may be possible in many cases. In 741 replacement situa- 
tions, if nulling has been implemented, it should be modified or 
removed for optimiun AD OP-27 performance. 

In applications where the initial factory adjusted input offset 
voltage provides insufficient accuracy, further offset trimming 
can be accomplished with the resistor network shown in Figure 
1. The adjustment range attainable using a lOkH potentiometer 
will be ±4mV. If a smaller adjustment range is required, the 
sensitivity of the nulling can be increased by using a smaller 
potentiometer in series with fixed resistor(s). For example, a 
Ikfl pot in series with two 4.7kn resistors will yield a ± 280|jlV 
range. 




01,xF 

Figure 1. Optional Offset Nulling Circuit and Power Supply 
Bypassing 

Zeroing the initial offset with potentiometers other than lOkH, 
but between Ikil and IMO, will introduce an additional input 
offset voltage temperature drift error of from 0.1 to 0.2|xV/°C. 
Additionally, by intentionally trimming in a dc level shift a 
voltage dependent offset drift will be created. It will be approxi- 
mately the input offset voltage at 25°C divided by 300 (in |xV/ 

Parasitic thermocouple EMF's can be generated where dissimilar 
metals meet the contacts to the input terminals of the AD OP-27. 
These temperature dependent voltages can manifest themselves 
as drift type errors. Optimized temperature performance will be 
obtained when both contacts are maintained at the same temper- 
ature — a temperature close to the device's package. 

Output stability with the AD OP-27 is possible with capacitive 
loads of up to 2000pF and ± lOV output swings. Larger capaci- 
tances should be decoupled with a SOH resistor. 

High closed loop gain and excellent linearity can be achieved by 
operating the AD OP-27 within an output current range of 
± lOmA. Minimizing output current will provide the highest 
linearity. 

+ 18V 




SLEW RATE DISCUSSION 

In unity gain buffer applications with feedback resistances of 
less than lOOO where the input is driven with a fast, large (greater 
than IV) pulse, the output waveform will appear as in Figure 3. 



2 8V/|xs 




ALL OTHER PINS 
ARE NOT 
CONNECTED 



Figure 3. Unity Gain Buffer/Pulsed Operation 

During the initial portion of the output slew the input protection 
back-to-back diodes effectively short the output to the input. A 
current limited only by the output short circuit protection will 
be drawn from the source. After the input diodes saturate, the 
amplifier will slew at its nominal 2.8V/pis. With feedback resis- 
tances of more than 500(1 the output is capable of handling the 
current requirements without limiting (less than 20mA at lOV) 
and the amplifier will stay in the linear region. 

As with all operational amplifiers a feedback resistance of greater 
than 2kn will create a pole with the input capacitance (8pF). 
Additional phase shift will be introduced and the phase margin 
will be reduced. A small capacitor (20 to SOpF) in parallel with 
the feedback resistor will alleviate this problem. 

CAUTION: NOISE MEASUREMENTS 

Precise measurement of the extremely low input noise associated 
with the AD OP-27 is a difficult task. In order to observe the 
rated noise in the 0. IHz to lOHz frequency range the following 
cautions should be exercised. 

(1) The test time to measure O.lHz to lOHz noise should not 
exceed 10 seconds. As shown in the noise test frequency response 
plot in this data sheet the 0. IHz comer is only defined by a 
single zero. A test time of 10 seconds acts as an additional zero 
to eliminate noise contributions from frequencies lower than 
O.lHz. 

(2) Warm-up for a least five minutes will eliminate temperature 
induced effects. During the first few minutes the offset voltage 
typically increases 4\lW. In a 10 second measurement interval 
prior to temperature stabilization the reading could include 
several nanovolts of warm-up offset error in addition to the 
noise. 

(3) For reasons similar to (2) the device under test should be 
well shielded from air currents or other heat sinks to eliminate 
the possibility of temperature changes over time invalidating the 
measurements. Sudden motion in the vicinity or physical contact 
with the package can also increase the observed noise. 

An input voltage noise spectral density test is recommended 
when measuring noise on a large number of units. Because the 
1/f noise comer frequency is around 3Hz, a IkHz noise voltage 
density measurement combined with a 0. IHz to lOHz peak-to-peak 
noise reading will guarantee 1/f and white noise performance 
over the rated frequency spectrum. 



Figure 2. Burn-In Circuit 
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Typical Performance Curves 



(@T,= +25°C, Vs=±15V) 
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OUTPUT = 50.000 X en p-p 

OR 

5x10^xi„ p-p 



NOTE. ALL CAPACITORS MUST BE NONPOLARIZED 

0. 1Hz to 10Hz Noise Test Bandpass Filter (Voltage Gain = 50,000) 
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ANALjOG 
DEVICES 



Ultralow-Noise, High-Speed 
Precision Op Amp (Avcl^S) 



AD OP-37 



FEATURES 

Ultralow Noise: 80nV p-p (0.1Hz to lOHzK 

3nV/VHzat 1kHz 
High Speed: 17V/|jis 
High Gain Bandwidth Product: 63MHz 
Ultralow Offset Voltage Drift: 0.2jjlV/X 
High Offset Stability Over Time: 0.2(jiV/month 
Low Offset Voltage: lO^V 

High CMRR: 126dB Over ±11V Input Voltage Range 
Fits OP-07, OP-05, OP-06, 5534, LH0044, 

5130, 3510, 725, 714 and 741 Sockets 

in Gains > 5 
Military Grade and Plus Parts Available 
8-Pin Plastic Mini-DIP, Cerdip or TO-99 Hermetic 

Metal Can 
Available in Wafer-Trimmed Chip Form 



AD OP-37 CONNECTION DIAGRAMS 



TO-99 

(H) Package 



OFFSET NULL 



Plastic Mini-DIP (N) Package 

and 

Cerdip (Q) Package 




OFFSET NULL \T 

II 
E 



6; OUTPUT NONINVERT[NG HT 



INPUT L 

'ERTING r 

INPUT L 



T] OFFSET NULL 
T] V+ 
T] OUTPUT 
TJ N/C 



NOTE PIN 4 CONNECTEO TO CASE 
TOP VIEW 



PRODUCT DESCRIPTION 

The AD OP-37 offers the combined features of high precision, 
ultralow noise and high speed in a monolithic bipolar operational 
amplifier. High-speed accurate amplification of very low level 
signals, where inherent device noise can be the limiting factor, 
is attainable with the AD OP-37 in applications requiring gains 
greater than or equal to five. This instrumenation grade op amp 
features industry standard dc performance; typical input offset 
voltages of 10|jlV and typical input offset voltage temperature 
coefficients of 0.2|xV/°C. The super low input voltage noise 
performance of the AD OP-37 is characterized by an Cn p-p 
(typ) of 80nV (O.lHz to lOHz), an Cn (typ) of 3.0nV/VHz (at 
IkHz) and a 1/f noise corner frequency of 2.7Hz. High speed 
performance is assured by a typical 17V/[ls slew rate and a 
typical 63MHz gain bandwidth product. Long-term stability 
is guaranteed by an input offset voltage drift specification of 
0.2|xV/month. 

Source resistance related input errors with the AD OP-37 are 
minimized by a low input bias current of ± lOnA (typ) and an 
input offset current of 7nA (typ). An input bias current cancellation 
circuit restricts bias and offset currents over the extended tem- 
perature range to ±20nA (typ) and 15nA (typ), respectively. 
Other factors inducing input referred errors such as power 
supply variations and common-mode voltages are attenuated by 
a PSRR and CMRR of 120dB. 

The AD OP-37 is available in six performance grades. The AD 
OP-37E, AD OP-37F and AD OP-37G are specified for operation 
over the - 25°C to + 85°C temperature range, while the AD 
OP-37A, AD OP-37B and AD OP-37C are specified for -55X 
to + 125°C operation. All devices are available in either the 
TO-99 hermetically sealed metal cans or the hermetically sealed 
cerdip packages, while the industrial grades are also available in 
plastic mini-DIPs. 



PRODUCT HIGHLIGHTS 

1 . High speed accurate amplification (gains > 5) of very low 
level low frequency voltage inputs is enhanced by a high gain 
bandwidth product and ultralow input voltage noise. 

2. The AD OP-37 maintains high dc accuracy over an extended 
temperature range due to ultralow offset voltage, offset voltage 
drift and input bias current. 

3. Internal frequency compensation, factory adjusted offset 
voltage and full device protection eliminate the need for 
additional components. Circuit size and complexity are reduced 
while reliabihty is increased. 

4. Long-term stability and accuracy is assured with low offset 
voltage drift over time. 

5. Input referred errors are greatly reduced by superior common- 
mode and power supply rejection characteristics. 

6. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 
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SPECIFICATIONS ,,..^^-. 


±15V, unless otherwise specified) 










Model 


AD OP-37G 


AD OP-37F 


AD OP-37E 


Parameter 


Symbol 


Min 


Typ Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


OPEN LOOP GAIN 


Avo 


700 


1,500 


1,000 


1,800 




1,000 


1,800 








400 


1,500 


800 


1,500 




800 


1,500 








200 


500 


250 


700 




250 


700 








450 


1,000 


700 


1,300 




750 


1,500 




OUTPUT CHARACTERISTICS 




















Voltage Swing 


Vo 


±11.5 


±13.5 


±12.0 


±13.8 




±12.0 


±13.8 








±10.0 


±11.5 


±10.0 


±11.5 




±10.0 


±11.5 








±11.0 


±13.3 


±11.4 


±13.5 




±11.7 


±13.6 




Open-Loop Output Resistance 


Ro 




70 




70 






70 




FREQUENCY RESPONSE 




















Gain Bandwidth Product 


GBW 


45 


63 


45 


63 




45 


63 








_ 


40 


_ 


40 




_ 


40 




Slew Rate 


SR 


11 


17 


11 


17 




11 


17 




INPUT OFFSET VOLTAGE 




















Initial 


Vos 




30 100 




20 


60 




10 


25 








55 220 




40 


140 




20 


60 


Average Drift 


TCVos 




0.4 1.8 




0.3 


1.3 




0.2 


0.6 


Long-Term Stability 


Vos/Time 




0.4 2.0 




0.3 


1.5 




0.2 


1.0 


Adjustment Range 






±4.0 




±4.0 






±4.0 




INPUT BIAS CURRENT 




















Initial 


Ib 




±15 ±80 




±12 


±55 




±10 


±40 








±25 ±150 




±18 


±95 




±14 


±60 


INPUT OFFSET CURRENT 




















Initial 


los 




12 75 




9 


50 




7 


35 








20 135 




14 


85 




10 


50 


INPUT NOISE 




















Voltage 


CnP-P 




0.09 0.25 




0.08 


0.18 




0.08 


0.18 


Voltage Density 


Cn 




3.8 8.0 




3.5 


5.5 




3.5 


5.5 








3.3 5.6 




3.1 


4.5 




3.1 


4.5 








3.2 4.5 




3.0 


3.8 




3.0 


3.8 


Current Density 


in 




1.7 




1.7 


4.0 




1.7 


4.0 








1.0 




1.0 


2.3 




1.0 


2.3 








0.4 0.6 




0.4 


0.6 




0.4 


0.6 


INPUT VOLTAGE RANGE 




















Common Mode 


CMVR 


±11.0 


±12.3 


±11.0 


±12.3 




±11.0 


±12.3 








±10.5 


±11.8 


±10.5 


±11.8 




±10.5 


±11.8 




Common-Mode Rejection 




















Ratio 


CMRR 


100 


120 


106 


123 




114 


126 








96 


118 


102 


121 




110 


124 




INPUT RESISTANCE 




















Differential 


RiN 


0.8 


4 


1.2 


5 




1.5 


6 




Common Mode 


RiNCM 




2 




2.5 






3 




POWER SUPPLY 




















Rated Performance 






±15 




±15 






±15 




Operating 






±(4-18) 




±(4-18) 






±(4-18) 




Current, Quiescent 


Iq 




3.3 5.6 




3.0 


4.6 




3.0 


4.6 


Rejection 


PSR 




2 20 




1 


10 




1 


10 








2 32 




2 


16 




2 


15 


Power Consumption 


Pd 




100 170 




90 


140 




90 


140 


OPERATING TEMPERATURE RANGE 




















T,xun,Tn,ax 


-25 


+ 85 


-25 




+ 85 


-25 




+ 85 


PACKAGE OPTIONS^ 




















Plastic Mini-DIP(N.8) 




ADOP-37GN 


ADOP-37FN 


ADOP-37EN 


Cerdip(Q-8) 




ADOP-37GQ 


ADOP-37FQ 


ADOP-37EQ 


TO-99(H-08) 




ADOP-37GH 


ADOP-37FH 


ADOP-37EH 



NOTES 

'Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. A and E grades are guaranteed fully warmed up. 

^Long-Term Input Offset Voltage Stability refers to the average trend line of Vos vs. time after the first 30 days. 
^See Section 16 for package oudine information. 
Specifications subject to change without notice. 
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AD OP-37C 


AD OP-37B 


AD OP-37A 


Conditions 


Units 


Min 


Typ Max 


Min 


Typ Max 


Min 


Typ Max 






700 


1,500 


1,000 


1,800 


1,000 


1,800 


RL^2ka,VouT=±10V 


V/mV 


400 


1,500 


800 


1,500 


800 


1,500 


RL^lkn,VouT=±10V 


V/mV 


200 


500 


250 


700 


250 


700 


Rl = 600n, VouT = ± 1 V, Vs = ± 4V 


V/mV 


300 


800 


500 


1,000 


600 


1,200 


RL^2ka, VouT = ± lOV, Ta = min to max 


V/mV 


±11.5 


±13.5 


±12.0 


±13.8 


±12.0 


±13.8 


RL^2kn 


V 


±10.0 


±11.5 


±10.0 


±11.5 


±10.0 


±11.5 


RL^600n 


V 


±10.5 


±13.0 


±11.0 


±13.2 


±11.5 


±13.5 


RL^2kn,Ta = min to max 


V 




70 




70 




70 


IouT = OA,VouT = OV 


ft 


45 


63 


45 


63 


45 


63 


fo=10kHz 


MHz 


_ 


63 


_ 


40 


_ 


40 


fo=lMHz 


MHz 


11 


17 


11 


17 


11 


17 


RL^2ka 


V/|xs 




30 100 




20 60 




10 25 


(Note 1) 


jxV 




70 300 




50 200 




30 60 


Ta = min to max 


^.v 




0.4 1.8 




0.3 1.3 




0.2 0.6 


Ta = min to max 


\xwrc 




0.4 2.0 




0.3 1.5 




0.2 1.0 


(Note 2) 


jiV/month 




±4.0 




±4.0 




±4.0 


Rp=ioka 


mV 




±15 ±80 




±12 ±55 




±10 ±40 




nA 




±35 ±150 




±28 ±95 




±20 ±60 


Ta = min to max 


nA 




12 75 




9 50 




7 35 




nA 




30 135 




22 85 




15 50 


Ta = min to max 


nA 




0.09 0.25 




0.08 0.18 




0.08 0.18 


O.lHztolOHz 


nV/Vliz 




3.8 8.0 




3.5 5.5 




3.5 5.5 


fo=10Hz 




3.3 5.6 




3.1 4.5 




3.1 4.5 


fo = 30Hz 


nV/VHi 




3.2 4.5 




3.0 3.8 




3.0 3.8 


fo=1000Hz 


nV/VHz 




1.7 




1.7 4.0 




1.7 4.0 


fo=10Hz 


pA/VHz 




1.0 




1.0 2.3 




1.0 2.3 


fo = 30Hz 


pA/Vilz 




0.4 0.6 




0.4 0.6 




0.4 0.6 


fo=1000Hz 


pA/Vm 


±11.0 


±12.3 


±11.0 


±12.3 


±11.0 


±12.3 




V 


±10.2 


±11.5 


±10.3 


±11.5 


±10.3 


±11.5 


Ta = min to max 


V 


100 


120 


106 


123 


114 


126 


VcM=±llV 


dB 


94 


116 


100 


119 


108 


122 


VcM = — lOV, Ta = min to max 


dB 


0.8 


4 


1.2 


5 


1.5 


6 




MH 




2 




2.5 




3 




on 




±15 




±15 




±15 




V 




±(4-18) 




±(4-18) 




±(4-18) 




V 




3.3 5.6 




3.0 4.6 




3.0 4.6 


Vs=±15V 


mA 




2 20 




1 10 




1 10 


Vs=±4Vto±18V 


|xV/V 




4 51 




2 20 




2 16 


Vs= ±4.5Vto±18V,Ta = mintomax 


fxV/V 




100 170 




90 140 




90 140 


VouT = OV 


mW 


-55 


+ 125 


-55 


+ 125 


-55 


+ 125 




°C 




ADOP-37CQ 




ADOP-37BQ 




ADOP-37AQ 








ADOP-37CH 




ADOP-37BH 




ADOP-37AH 


' 





Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±18V 

Internal Power Dissipation (Note 1) 500m W 

Input Voltage ± Vs 

Output Short Circuit Duration Indefinite 

Differential Input Voltage (Note 2) ±0.7V 



Differential Input Current (Note 2) ± 25mA 

Storage Temperature Range -65°C to + 150°C 

Operating Temperature Range 
AD OP-37A, AD OP-37B, AD OP-37C . -55°C to + 125°C 
AD OP-37E, AD OP-37F, AD OP-37G . - 25°C to + 85°C 

Lead Temperature Range (Soldering 60sec) 300°C 



NOTES: 

Note 1: Maximum package power dissipation vs. ambient temperature. 

Maximum Ambient Derate Above Maximum 
Package Type Temperature for Rating Ambient Temperature 

TO-99(H) 80°C 7.1mW/°C 

Mini-DIP(N) 36°C 5.6mW/°C 

Cerdip(Q) 75°C 6.7mW/°C 

Note 2 : The AD OP-37's inputs arie protected by back-to-back diodes. To achieve low noise current limiting resistors could 
not be used. If the differential input voltage exceeds ± 0. 7V, the input current should be limited to 25mA . 



CHIP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 



AD OP-37 ORDERING GUIDE 






NULL -INPUT + INPUT V- 

THE AD OP-37 IS AVAILABLE IN WAFER-TRIMMED CHIP FORM CONSULT THE FACTORY FOR DETAILS 







Temperature 


Max Initial 


Max Offset 


Model 


Package* 


Range (X) 


Offset (|xV) 


Drift (jiV/X) 


ADOP-37GH 


TO-99 


-25 to +85 


100 


1.8 


ADOP-37GN 


Mini-DIP 


-25 to +85 


100 


1.8 


ADOP-37GQ 


Cerdip 


-25 to +85 


100 


1.8 


ADOP-37FH 


TO-99 


-25 to +85 


60 


1.3 


ADOP-37FN 


Mini-DIP 


-25 to +85 


60 


1.3 


ADOP-37FQ 


Cerdip 


-25 to +85 


60 


1.3 


ADOP-37EH 


TO-99 


-25 to +85 


25 


0.6 


ADOP-37EN 


Mini-DIP 


-25 to +85 


25 


0.6 


ADOP-37EQ 


Cerdip 


-25 to +85 


25 


0.6 


ADOP-37CH 


T0.99 


-55to + 125 


100 


1.8 


ADOP-37CQ 


Cerdip 


-55 to + 125 


100 


1.8 


ADOP-37BH 


TO-99 


-55 to + 125 


60 


1.3 


ADOP-37BQ 


Cerdip 


-55 to + 125 


60 


1.3 


ADOP-37AH 


TO-99 


-55 to +125 


25 


06 


ADOP-37AQ 


Cerdip 


-55to + 125 


25. 


0.6 



*See Section 16 for package outline information 
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APPLICATION NOTES FOR THE AD OP-37 

The AD OP-37 can be used in the sockets of many of the popular 
precision bipolar input operational amplifiers on the market. 
Elimination of external frequency compensation or nulling cir- 
cuitry may be possible in many cases. In 741 replacement situa- 
tions, if nulling has been implemented, it should be modified or 
removed for correct AD OP-37 performance. 

In applications where the initial factory adjusted input offset 
voltage provides insufficient accuracy, further offset trimming 
can be accomplished with the resistor network shown in Figure 
1. The adjustment range attainable using a lOkO potentiometer 
will be ±4mV. If a smaller adjustment range is required, the 
sensitivity of the nulling can be increased by using a smaller 
potentiometer in series with fixed resistor(s). For example, a 
Ikfl pot in series with two 4.7kn resistors will yield a ± 280|xV 
range. 



High closed loop gain and excellent linearity can be achieved by 
operating the AD OP-37 within an output current range of 
± 10mA. Minimizing output current will provide the highest 
linearity. 




OOlfJiF "=• 



Figure 1. Optional Offset Nulling Circuit 
and Power Supply Bypassing 

Zeroing the initial offset with potentiometers other than lOkO, 
but between IkH and IMO, will introduce an additional input 
offset voltage temperature drift error of from 0.1 to 0.2jjlV/°C. 
Additionally, by intentionally trimming in a dc level shift a 
voltage dependent offset drift will be created. It will be approxi- 
mately the input offset voltage at 25°C divided by 300 (in \xV/ 
°C). 

Parasitic thermocouple EMF*s can be generated where dissimilar 
metals meet the contacts to the input terminals of the AD OP-37. 
These temperature dependent voltages can manifest themselves 
as drift type errors. Optimized temperature performance will 
be obtained when both contacts are maintained at the same 
temperature. 

Output stability with the AD OP-37 is possible with capacitive 
loads of up to lOOOpF and ± lOV output swings. Larger capaci- 
tances should be decoupled with a 50n resistor inside the feedback 
loop. 

Although the AD OP-37 features high-power supply rejection, 
the effects of noise on the power supplies may be minimized by 
bypassing the power supplies as close to Pins 4 and 7 of the AD 
OP-37 as possible, to load ground with a good quality 0.01 jxF 
ceramic capacitor as shown in Figure 1. 




ALL OTHER PINS 
ARE NOT 
-18V CONNECTED 

Figure 2. Burn-In Circuit 

CAUTION: NOISE MEASUREMENTS 

Precise measurement of the extremely low input noise associated 
with the AD OP-37 is a difficult task. In order to observe the 
rated noise in the 0.1 Hz to lOHz frequency range the following 
cautions should be exercised. 

(1) The test time to measure 0.1 Hz to lOHz noise should not 
exceed 10 seconds. As shown in the noise test frequency response 
plot in this data sheet the 0.1 Hz corner is only defined by a 
single zero. A test time of 10 seconds acts as an additional zero 
to eliminate noise contributions from frequencies lower than 
O.lHz. 

(2) Warm-up for a least five minutes will eliminate temperature 
induced effects. During the first few minutes the offset voltage 
typically increases 4}xV. In a 10 second measurement interval 
prior to temperature stabilization the reading could include 
several nanovolts of warm-up offset error in addition to the 
noise. 

(3) For reasons similar to (2) the device under test should be 
well shielded from air currents or other heat sinks to eliminate 
the possibility of temperature changes over time invalidating the 
measurements. Sudden motion in the vicinity or physical contact 
with the package can also increase the observed noise. 

An input voltage noise spectral density test is recommended 
when measuring noise on a large number of units. Because the 
1/f noise corner frequency is around 3Hz, a IkHz noise voltage 
density measurement combined with a 0. 1 Hz to lOHz peak-to-peak 
noise reading will guarantee 1/f and white noise performance 
over the rated frequency spectrum. 
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Typical Performance Curves 



iTa=+25''C, Vs=±15V) 
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0. 1Hz to 10Hz Noise Test Bandpass Filter (Voltage Gain = 50,000) 
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a 



ANALOG 
DEVICES 



Fast Settling 
Video Operational Amplifiers 



HOS-050/HOS-050A/HOS-050C 



FEATURES 

80ns Settling to 0.1%; 200ns to 0.01% 

100MHz Gain Bandwidth Product 

55MHz 3dB Bandwidth 

100mA Output @ ±10V 

APPLICATIONS 
D/A Current Converter 
Video Pulse Amplifier 
CRT Deflection Amplifier 
Wideband Current Booster 



GENERAL DESCRIPTION 

The HOS-050, HOS-050A, and HOS-050C op amps are very 
high speed wideband operational amphfiers designed to comple- 
ment the Analog Devices' lines of high speed data acquisition 
products. They feature a lOOMHz gain bandwidth product; slew 
rate of 300V/ jjls; and settling time of 80ns to ±0.1%. 

The HOS-050A, HOS-050, and HOS-050C have typical input 
offset voltages of lOmV, 25mV, and 45mV, respectively. 

All models have a rated output of ± 100mA minimum, and an 
exceptional noise spec of only 7|xV rms, dc to 2MHz; they are 
ideally suited for a broad range of video applications. 

FAST-SETTLING OP AMPS 

At one time, operational amplifiers could be specified according 
to slew rates, bandwidth, and drive capability; and these param- 
eters would be sufficient. Settling time was not considered until 
the use of high speed video D/A converters became widespread. 

The conversion speed of the D/A can be limited by the settling 
time of the output ampHfler, so it has become essential to select 
an op amp whose settling time is compatible with the D/A 
converter. 

The increased emphasis on settling time has, in some cases, 
created a preoccupation with slew rates in the minds of some 
designers. But slew rate is only one component in estabhshing 
settling time. 

The amount of overshoot, and the ringing which are present at 
the end of a step function change also have an effect. These 
parameters, in turn, are influenced by the bandwidth (or lack of 
it) when operating the op amp with closed loop gains greater 
than one. 

(continued after Specifications) 



HOS-050/A/C PIN DESIGNATIONS 
TO-8 PACKAGE 




OUTPUT 



OFFSET I V + 

ADJUST* GROUND 

*PINS FOR CONNECTING OPTIONAL 
OFFSET POTENTIOMETER. RECOMMENDED 
VALUE IS 10k OHMS. WITH CENTER ARM 
CONNECTED TO +15V. 
NC = NO CONNECT 

BOTTOM VIEW 
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figure 2. Power Dissipation vs. Temperature 
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SPECIFICATIONS 



(typical @ + 25''C and ± 15V unless otherwise specified) 



Model 



HOS-050 



HOS-050A 



HOS-050C 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (Vs) 

Power Dissipation 

Input Voltage 

Differential Input Voltage 

Operating Temperature Range (case) 

Junction Temperature 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 



±18V 

See Figure 2 

±Vs 

±Vs 

-55°Cto + 125°C 

175°C 

-65°Cto + 150°C 

300°C 



-25°Cto+85°C 



DC ELECTRICAL CHARACTERISTICS 



Parameter 


Conditions 


Min 


Typ 


Max 


Min Typ 


Max 


Min Typ 


Max 


Units 


Open Loop Gain 


Ri, = looa 




100 




* 




* 




dB 


Rated Output 


Ri = >iooa 


















Voltage 




+ 10/- 


-8 




* 




* 




V 


Current 




















(not short circuit protected) 


Ri = >iooa 




±100 




• 




* 




mA 


Voltage 


Ri, = >200a 


±10 






* 




* 




V 


Input Offset Voltage 


Adjustable to Zero 


















Initial 


@+25°C 




25 


35 


10 


15 


45 


65 


mV 


vs. Temperature 






50 


150 


20 


35 


75 


200 


^iLV/°c 


vs. Power Supply Voltage 






0.5 




* 




* 




mVA^ 


Input Bias Current 




















Initial 


(a +25°C 




1 


2 


* 


* 


* 


* 


nA 


vs. Temperature 






Doubles 




* 




* 




/10°C 


Input Offset Current 




















Initial 


(a +25°C 




±100 




* 




* 




pA 


Input Impedance 




















Differential 
Common Mj)de 


}ln parallel with 5pF 




10'° 
10'° 




* 




: 




n 


Input Voltage Range 




















Common Mode 




±10 




±18 


* 


* 


* 


* 


V 


Differential 








±18 




* 




* 


V 


Common Mode Rejection 






70 




* 




* 




dB 


Input Noise 


Rpp= 100ii;RHB=- Ikll 


















dctolOOkHz 






5 




* 




* 




fiVrms 


dcto2MHz 






7 




* 




• 




fxVrms 



AC ELECTRICAL CHARACTERISTICS^ 



Parameter 


Conditions 


Min Typ Max 


Min Typ Max 


Min Typ Max 


Units 


Slew Rate 


A= -l;RpH = RpB = 500n, 












Load = 100(1 


300 


* 


* 


V/pLS 


Noninvertmg Slew Rate 


A = 2;Rpp = RpB= lOOOil; 












Load = lOOn 


320 


* 


* 


V/m-s 


Overload Recovery 


50% Overdrive 


400 


* 


* 


ns 


Unity Gain Bandwidth Product 


Rpp - RpB = 50011 


100 


* 


* 


MHz 


Small Signal Bandwidth, -3dB 


A= -l,Rpp = RpB= 500(1 


45 


* 


* 


MHz 




A^ -l,Rpp-RpB= 1000(1 


35 


* 


* 


MHz 




A= -2;Rpp= 500(1, 












RpB - 1000(1 


35 


* 


* 


MHz 




A= -4,Rpp = 250(1; 












RpB = 1000(1 


30 


* 


* 


MHz 


Output Impedance 




<1 


* 


• 


(1 


Noninverting Bandwidth, - 3dB 


A-2;RpF-RpB= 1000(1, 
lOOaioad; lOpF capacitance 












5-volt p-p output 


25 


* 


• 


MHz 




4-voltp-p output 


30 


* 


* 


MHz 




2-volt p-p output 


55 


* 


* 


MHz 




A = 3;RpF = 500n; 












Rfb= lOOOH; 100(1,1000(1, 












or2000nioad;10pF 












capacitance 












10-volt p-p output 


17 


* 


* 


MHz 




5-volt p-p output 


25 


* 


* 


MHz 
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AC ELECTRICAL CHARACTERISTICS' (Continued) 


HOS-050 




HOS-050A 


HOS-050C 




Parameter 


Conditions 


Min Typ 


Max 


Min Typ Max 


Min Typ Max 


Units 


Noninverting Bandwidth, -3dB 


A = 5;R,.,. = 50011; 












(continued) 


Rhb = 200011, 10011, 100011, 
or 20001 lload/lOpF 
capacitance 














5-voltp-p output 


15 




* 


* 


MHz 




4-voltp-p output 


30 




* 


* 


MHz 




2-voltp-p output 


40 




* 


* 


MHz 




1 -volt p-p output 


40 




* 


* 


MHz 


Full Power Bandwidth 


Output = ±5V,A = -1, 












(-3dB) 


R, = 10011 


20 




* 


* 


MHz 


Settling Time to 0. 1 % 


A = - l,R,i = RiB= 50011 












Inverting 


Voui— ±5V 


100 




* 


* 


ns 


(See Figure 5) 


Voui = ±2.5V 


80 




* 


* 


ns 


Noninverting 


A = 2,R,.r = RiB= 50011 
Max Load capacitance = 75pF 














Voi;r= ±5V 


200 




* 


* 


ns 




Voui = ±2 5V 


135 




* 


* 


ns 


Harmonic Distortion 


A= -l;Load = 100011 












(See Figure 9) 


Signal = 4MHz,2V output 


-63 




• 




dB 


Noninverting Harmonic 


A-2,Rn- = RFB= 100011, 












Distortion (See Figure 10) 


Load = 100011, 














Signal = 4MHz,2V output 


-59 




* 


* 


dB 


Power Supply 














Voltage 


Rated performance 


±15 




* 


* 


Vdc 


Voltage 


Operating range 


±12 


±18 


• * 


• • 


Vdc 


Current 


Quiescent 


±20 


±25 


• • 


• * 


mA 


Power Consumption 


Quiescent 


06 




* 


* 


W 


Power Dissipation 






1 25 


* 


* 


W 


Temperature Range 














Operating (Case) 


(See Figure 2 for 


-55 


+ 125 


• * 


-25 +85 


°C 


Storage 


Derating Information) 


-65 


+ 150 


* * 


* * 


X 


Meantime Between Failures 


MIL-HNBK 217, Ground, 






6 27 




Hours 


(MTBF) 


Fixed ; Case = 70°C 






X lO'' 






Package Option^ 














TO-8(H-12A) 




HOS-050 




HOS-050A 


HOS-050C 





NOTES 

*Specification same as HOS-050 

'Specification for Inverting Mode unless otherwise noted 

^See Section 16 for package outline information 

Individual socket assemblies (one per pin) are available from AMP as part number 6-330808-0 

Specifications subject to change without notice 



PIN DESIGNATIONS 



PINS 


FUNCTION 




+ V 




GROUND 




OFFSET ADJ» 




OFFSET ADJ* 




-INPUT 




+ INPUT 




NC 




GROUND 




-V 


10 


-V 


11 


OUTPUT 


12 


+ V 



•PINS FOR CONNECTING OPTIONAL 
OFFSET POTENTIOMETER RECOMMENDED 
VALUE IS 10k OHMS, WITH CENTER ARM 
CONNECTED TO +15V 
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(continued from Features page) 

The HOS-050 Series stands up under close scrutiny of these 
characteristics because of its lOOMHz gain bandwidth product. 
The use of these ampHfiers in a wide variety of appHcations has 
confirmed their suitabihty for video circuits. 

VOLTAGE AMPLIFIERS/CURRENT BOOSTERS 

Video op amps such as the HOS-050 are generally characterized 
by high gain bandwidth products, fast settling times, and high 
output drive. 

One of the most common uses of video op amps is for D/A 
converter output voltage amplification or current boosting. 
Figure 3 is one example of this type of application. In this circuit, 
the internal resistance of the D/A is the feed forward resistor for 
the op amp. 



f^' 



A 



CONVERTER 



1|iF 



^ 



Figure 3. In verting Unipolar or Bipolar Voltage Output 

The HDS Series D/A converters are fast-settling, current output 
D/As available in 8-, 10-, and 12-bit resolutions. Both TTL and 
ECL versions are available, and settling times range from 10ns 
for 8-bit units through 40ns for 12-bit units. 

The circuit which is shown will provide a negative unipolar 
output with binary coding on the input, and bipolar offset ground- 
ed. It will provide a bipolar output with complementary offset 
binary coding on the input, and bipolar offset connected to Iq. 

An approximation of the total settling time for the D/A op amp 
combination is calculated by: 



Ts = VTd2+ To2 
where To is D/A settling time and Tq is HOS-050 settling time. 

This approximation is valid because both the D/A and the HOS- 
050 exhibit 6dB/octave roll-off charateristics (single pole response); 
and the combination of low D/A output capacitance and op amp 
input capacitance does not materially affect the formula. 

The user of the HOS-050 should remember the current flowing 
in the feedback resistor (Rl) must be subtracted from the output 
available from the HOS-050. 

There is a tendency, because of this fact, to use a high value of 
feedback resistor to assure maximum current drive being available 
for driving low impedances; but this approach may create unde- 
sirable side effects. 

Calculating the minimum load that can be driven under two 
conditions of feedback resistor values will serve to illustrate the 
difference. 

Assume the feedback resistor value is 5000. If output voltage of 
the HOS-050 is 10 volts, and output current is 100mA, minimum 
load would be: 



Eo max 



lOV 



lomax - Irpb 100mA - 20mA 



lOV 
80mA 



125n minimum load 



where: Eq max = peak voltage needed 

lo max = maximum continuous current HOS-050 can 

produce 

Irfb = current in feedback resistor at peak voltage 

Assume the feedback resistor value is 5,00011. Minimum load 
would be: 



Eq max 
lomax - Ir 



lOV 
100mA - 2mA 



lOV 
98mA 



102n minimum load 



Designs which strive for driving a minimum load (by increasing 
the feedback resistor) can create settling problems because of a 
fundamental characteristic of op amp circuits . . . the higher the 
feedback resistance, the slower the system response. 

This phenomenon is the result of increased impedance for driving 
stray capacitances in the circuit employing the op amp, and 
fixed capacitances in the summing node. 

Impedances need to be kept as low as possible consistent with 
low distortion; and stray capacitances need to be eliminated to 
the maximum possible extent. A large ground plane structure is 
recommended to help assure low ground impedances. In addition, 
0.1|ulF ceramic capacitors and 3-10|ulF tantalum capacitors con- 
nected as close as possible to power supply inputs will decrease 
the potential for parasitic oscillations and other noise signals. 

Another argument for limiting the size of the feedback resistor 
is because of its effect on bandwidth. Bandwidth of the HOS-050 
op amp and the value of the feedback resistor are inversely 
related. 

At any given gain of the op amp, the gain setting with the widest 
bandwidth will be the one which employs the lower value of 
feedback. As an example, a gain of 1 can be achieved with Rff 
= Rfb = 500n;orRFF = Rfb = 1,0000. Small-signal bandwidth 
for the first combination is typically 45MHz; bandwidth for the 
second is typically 35MHz. 

OFFSET AND GAIN ADJUSTMENT 

Figure 4 shows a method of using the HOS-050 op amp which 
allows adjusting the offset and gain of the output voltage. 




Figure 4. HOS-050 Offset and Gain Adjust 
As shown, the gain of the circuit is established by the equation: 

where RpB is the total of Rqain ^^^ Gain Adjust. 

Once the user has established the desired gain for the illustrated 
circuit, the value of Rpg can be used to determine the correct 
value of RoFFSET with the equation: 

{ Wcc X Rfb ^ 
■ = ~ V AE^~~/ 



Rn 



where AEq is the desired amount of offset on the output. 
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Assume ±Vcc = ± 15V; Rqain = 90011; Gain Adjust = 10011; 
the desired change on the output = ± 1 volt. 

Under these conditions, Rqffset will be 15kll: 

T> (" iSVx [900+ 100] 

^OFFSET = - \ IV 

R - (l5kV^ 

^OFFSET - - \ jY / 

Rqffset = 15,0000 

Figure 4 shows bipolar output operation. If unipolar output is 
desired, the appropriate Vcc should be removed from the Offset 
Adjust potentiometer. 

The O.IjjlF capacitor attached to the wiper arm of the Offset 
Adjust control isolates the control and helps prevent adjustment 
noise from appearing on the output of the HOS-050. 

Cfb can be any value between and 20pF, depending on the 
value of RgainJ and should be selected to optimize settling time 
for the particular circuit layout in which the HOS-050 is being 
used. 

The Gain Adjust control should be a low value, low inductance 
cermet trimming potentiometer. 

Note: Rffj Rgainj Gfb and Roffset must be located as close to 
the summing node of the HOS-050 as physically possible. This 
helps prevent additional capacitance in the summing node and 
corresponding bad effects on frequency response and settling 
times. 

Variable controls (such as Offset Adjust and Gain Adjust) should 
never be tied to the summing node of the op amp. Their correct 
electrical locations are those shown in Figure 4. 
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Figure 5. Settling Time - Inverting Mode 

SETTLING TIME MEASUREMENT 

Although there are some exceptions, most members of industry 
are in agreement on the description which says settling time is: 

The interval of time from the application of an ideal step 
function input until the closed-loop amplifier output has 
entered and remains within a specified error band. 

The well-informed user needs to be alert to the consequences of 
settUng time specs which do not meet that description. 

This definition encompasses the major components which comprise 



settHng time. They include (1) propogation delay through the 
amplifier; (2) slewing time to approach the final output value; 
(3) the time of recovery from the overload associated with slewing; 
and (4) linear settling to within the specified error band. 

Expressed in these terms, the measurement of settling time is 
obviously a challenge and needs to be done accurately to assure 
the user that the amplifier is worth consideration for his 
application. 

Figure 6 is the test circuit for measuring settling time to 0.1%. 
This method creates a "false" summing junction and the error 
band is observed at that point. 




SUMMING NODE ERROR = 
OUTPUT ERROR [|^-~-p— ] 



Figure 6. Settling Time Test Circuit for 0.1% Settling 
If one were to attempt the measurement at the "true" summing 
junction of the op amp, the results would be misleading. All 
scope probes will add capacitance to the input and will change 
the response of the system. Making the measurement at the 
output of the amplifier is also impractical, since scope nonlinearities 
and reading inaccuracies caused by overdriving the scope preclude 
accurate measurements to the tolerances which are required. 

The false summing junction method causes the amplifier to 
subtract the output from the input; only one-half the actual 
error appears at the false junction, and it can be measured to 
the required accuracies. 

The false junction is clamped with diodes to limit the voltage 
excursion appearing at that point. This is necessary because the 
amplifier will be overdriven and one-half its input voltage will 
appear at the junction. Without the clamps, the scope used for 
making the measurement would be overdriven and its recovery 
time would mask the settling time of the amplifier. 

The test circuit for measuring settHng time to 0.01%, Figure 7, 
is simply an extension of the same basic technique. Measuring 
to the closer tolerance requires additional gain in the circuit 
driving the oscilloscope. 



FROM FALSE < 1000U 
SUMMING 

NODE 

2N3823 




Figure 7. Settling Time Test Circuit for 0.01% Settling 

IMPEDANCE MATCHING 

The characteristics of the HOS-050 operational ampHfier make 
it an ideal choice for matching the impedances of video circuits 
to the impedances of transmission lines. 

In this application, source and load terminating resistors will 
cause the output voltage to be halved at the end of the cable 
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being driven by the op amp. This makes it necessary to set the 
gain of the circuit to provide twice the desired voltage. 

Three different values of resistors and cables are "phantomed" 
into the figure as examples of possible characteristic impedances 
which might be used. Figure 8 is not meant to imply the HOS-050 
can drive three cables simultaneously. 



P 



>W-. 



I> 



— O LOW Z OUTPUT 



^■fHx- 



^-v^ 

^"i^^^ 



Figure 8. HOS-050 Impedance Matching 

NONINVERTING OPERATION 

The vast majority of video operational amplifiers display marked 
differences in settling times and bandwidths when operated in a 
noninverting mode instead of the inverting mode. There are a 
number of valid reasons for this characteristic. 

Most high-speed op amps use feed-forward compensation for 
optimizing performance in the inverting mode. This is necessary 
to obtain wide gain-bandwidth products while maintaining dc 
performance in these types of devices. In effect, the op amp has 
a wideband ac channel which is not perfectly matched to the dc 
channel. 

Feed-forward techniques enhance the performance of the op 
amp in the inverting mode by incresing the slew rate and small- 
signal bandwidth. These techniques, however, also decrease the 
amphfier's tolerance to stray capacitances, so must be employed 
judiciously. 

The overall input capacitance of the op amp is kept as low as 
possible in the design; and any mismatch in the capacitance of 
the two channels appears as an error in the output. Because of 
the inherently low total input capacitance of the op amp, even a 
small capacitive mismatch between channels shows up as a large 
effective error signal. 

Decreasing the channel mismatch can be achieved only by com- 
plicating the design of the op amp with additional components, 
and rigorous selection of those components in the manufacturing 
process. 

As a consequence, the mismatch is reduced to the smallest practical 
value consistent with the economics of producing and using the 
op amp. But it remains a mismatch, and manifests itself as a 
difference in performance in the inverting versus noninverting 
modes. 

There are video op amps available at low cost which use a 741 -type 
amplifier for high dc open loop gain in the noninverting channel. 
The user of these kinds of designs may sometimes gain an economic 
advantage, but at a high cost in performance. Bandwidths for 
noninverting applications are often measured in kHz, not MHz, 
for this approach. 

A video op amp is acting as a voltage mode device at both inputs 
when operating in the noninverting mode. This contrasts with 
the inverting mode, where it is operating as a current mode 
device. 



The Analog Devices HOS-050 has different performance charac- 
teristics when operating as a noninverting amplifier, but the 
care used in the design makes the differences less pronounced 
than they are in many competing units. 

The HOS-050 can be considered a true differential video op 
amp. It requires little or no external compensation because its 
rolloff characteristics approach a 6dB/octave slope. This helps 
the user determine summing errors and loop response; and 
helps assure the stability of the system . 

The performance parameters for both inverting and noninverting 
operation are shown elsewhere in this data sheet (see SPECIFI- 
CATIONS section and figures). A comparison of the characteristics 
will highlight the similarities in performance, with the exceptions 
noted above. 

(RpF = Rfb = 50011, A = -1) 



I 

-O 2V P-P, Rl = 15011 
H| 4V P-P, Rl = 15011 _ 
-O 2V P-P, Rl = Ik 
-• 4V P-P, Rl = Ik 




2 4 

OUTPUT FREQUENCY - MHz 



Figure 9. Harmonic Distortion - Inverting 



(Rff 



: Rfb = Ik, a = 2) 



-O 2VP-P, Rl = 15011 

• - -• 4V P-P; Rl = 15011 
-^ 2V P-P, Rl = Ik 




OUTPUT FREQUENCY - MHz 

Figure 10. Harmonic Distortion - Noninverting 

IN SUMMARY ... A CAVEAT 

Settling time specifications, bandwidth capabilities, harmonic 
distortion performance, and other parameters for video op amps 
cannot possibly include all possible situations and applications. 

A multitude of seemingly insignificant conditions can have a 
major impact on the unit and its ability to operate in any given 
circuit. 

The potential user is strongly urged to evaluate the effectiveness 
of the HOS-050 in the actual circuit in which it will be used. 

In many instances, the application conditions are different from 
the conditions used in specifying; there is no substitute for a 
trial in the proposed circuit to determine if the op amp will 
provide the desired results. 
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ANALOG 
DEVICES 



Low Offset, Fast Settling 
Video Operational Amplifier 




FEATURES 

<1mV Vos 

Low Drift 

80ns Settling to 0.1%; 200ns to 0.01% 

100mA Output @ ±10V 

APPLICATIONS 
D/A Current Converter 
Video Pulse Amplifier 
CRT Deflection Amplifier 
Wideband Current Booster 



HOS-060 PIN DESIGNATIONS^ 
TO-8(H-12A) Package 




GENERAL DESCRIPTION 

The HOS-060 Operational Amplifier is an extension of the 
proven hybrid technology used in the HOS-050 series of op 
amps. 

The FET input and high-performance characteristics, including 
wide bandwidth and fast settling, make it useful for a variety of 
applications in the processing of video signals. 

Recent innovations in circuit design have been incorporated into 
the HOS-060 to make it extremely useful to the designer who 
needs outstanding performance in current boosting, voltage 
amplification, impedance matching, or a multiplicity of other 
high-frequency requirements. 

Voltage offset and its temperature coefficient have been dramati- 
cally improved in the HOS-060; offset is as low as most high 
performance monolithic op amps. 

The HOS-060 op amp is pin-for-pin compatible with its forerunner 
HOS-050 and is useable in the same diversity of video require- 
ments. The reader is strongly urged to refer to the six-page data 
sheet for the HOS-050 op amp to obtain additional insight and 
details on potential uses for the HOS-060. 

The HOS-060 Operational Amplifier package is the industry 
standard TO-8 metal can and operates over a case temperature 
range of - 55°C to + 125°C; the model number for the standard 
unit is HOS-060SH. 



BOTTOM VIEW 

NOTES 

^SEE SECTION 16 (H-12A) FOR 

PACKAGE OUTLINE INFORMATION 
•PINS FOR CONNECTING OPTIONAL 

OFFSET POTENTIOMETER RECOMMENDED 

VALUE IS 1 0k OHMS, WITH CENTER ARM 

CONNECTED TO + 15V 
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Figure 1. HOS-060 Frequency Response 
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Figure 2. Power Derating 
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SPEulrlCATlONS (typicai@ +25n:and ± 15V unless otherwise specified) 


Model 


HOS-060SH 


ABSOLUTE MAXIMUM RATINGS 




Supply Voltages (Vs) 


±18V 


Power Dissipation 


See Figure 2 


Input Voltage 


±Vs 


Differential Input Voltage 


±Vs 


Operating Temperature Range (Case) 


-55°Cto + 125°C 


Junction Temperature 


175°C 


Storage Temperature Range 


-65°Cto + 150X 


Lead Temperature (Soldering, lOsec) 


300°C 



DC ELECTRICAL CH 


ARACTERISTICS 








Parameter 


Conditions 


Min Typ 


Max 


Units 


Open Loop Gain 
Rated Output 

Current 

(Not Short-Circuit Protected) 

Voltage 


Ri^ = loon 

RL = >ioon 
Rl = >2oon 


100 

±100 
±10 




dB 

mA 
V 


Input Offset Voltage 
Initial 

vs. Case Temperature 
- 55°C to + 125°C 
vs. Power Supply Voltage 


Adjustable to Zero 

@+25°C 


±0.5 

35 
0.5 


±1.5 


mV 

|ulV/°C 
mV/V 


Input Bias Current 
Initial 
vs. Temperature 


Ca +25°C 


1 
Doubles 


2 


nA 
/10°C 


Input Offset Current 
Initial 


(a +25°C 




±100 


pA 


Input Impedance 
Differential 
Common Mode 


}In Parallel with 5pF 


10'« 
10'« 




n 


Input Voltage Range 
Common Mode 
Differential 
Common-Mode Rejection 




±10 

70 


±18 
±18 


V 
V 
dB 


Input Noise 
dctolOOkHz 
dcto2MHz 


Rff= 10011; Rfb= Ika 


5 
7 




IxVrms 
fxVrms 



AC ELECTRICAL CH 


ARACTERISTICS^ 






Parameter 


Conditions 


Min Typ Max 


Units 


Slew Rate 


A= -l;RFF = RFB = 500a; 








Load = 100(1 


300 


V/jis 


Noninverting Slew Rate 


A = 2;Rff = Rfb= 1000(1; 








Load = 100(1 


320 


V/|xs 


Overload Recovery 


50% Overdrive 


400 


ns 


Unity Gain Bandwidth Product 


Rff = Rfb = 500(1 


100 


MHz 


Small Signal Bandwidth, -3dB 


A= -1;Rff = Rfb = 500(1 


45 


MHz 




A= -l;Rpp = RpB= 1000(1 


35 


MHz 




A= -2;Rff= 500(1; 








Rfb = 1000(1 


35 


MHz 




A= -4;Rff = 250(1; 








Rfb = 1000(1 


30 


MHz 


Output Impedance 




<1 


(1 


Noninverting Bandwidth, -3dB 


A = 2;Rff = Rfb = 1000(1; 
100(1 Load; lOpF Capacitance 








5Vp-p Output 


25 


MHz 




4Vp-p Output 


30 


MHz 




2Vp-p Output 


55 


MHz 




A = 3;RFF=500n; 








Rfb = 1000(1; 








Load = lOOn, 1000(1, or 2000(1; 








Capacitance = lOpF 








lOV Output 


17 


MHz 




5Vp-p Output 


25 


MHz 
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AC ELECTRICAL CHARACTERISTICS^ (Continued) 



HOS-060SH 



Parameter 


Conditions 


Min Typ 


Max 


Units 


Nonin verting Bandwidth, -3dB 


A = 5;RFF = 500a; 








(Continued) 


Rfb = 20000; lOOO, lOOOO, 
or 2000(1 Load/lOpF 
Capacitance 










5Vp-p Output 


15 




MHz 




4Vp-p Output 


30 




MHz 




2 V p-p Output 


40 




MHz 




IVp-p Output 


40 




MHz 


Full Power Bandwidth 


Output = ±5V;A= -1; 








(-3dB) 


Load = lOOn 


20 




MHz 


Settling Time to 0.1% 


A= - 1;Rff = Rfb = 5000 








Inverting 


VouT== ±5V 


100 




ns 




VouT= ±2.5V 


80 




ns 


Noninverting 


A = 2;RFF = RFB = 500n 
Max Load Capacitance = 75pF 










VouT= ±5V 


200 




ns 




VouT= ±2.5V 


135 




ns 


Harmonic Distortion 


A= -l;Load= lOOOH 








(See Figure 5) 


Signal = 4MHz;2V Output 


-63 




dB 


Noninverting Harmonic 


A=2;Rff = Rfb= lOOOri; 








Distortion (See Figure 6) 


Load = 1000(1; 










Signal = 4MHz; 2 V Output 


-59 




dB 


Power Supply 










Voltage 


Rated Performance 


±15 




Vdc 


Voltage 


Operating Range 


±12 


±18 


Vdc 


Current 


Quiescent 


±20 


±25 


mA 


Power Consumption 


Quiescent 


0.6 




W 


Power Dissipation 






1.25 


W 


Temperature Range 










Operating (Case) 


(See Figure 2 for 


-55 


+ 125 


°c 


Storage 


Derating Information) 


-65 


+ 150 


°c 


Package Option^ 










TO-8(H-12A) 











NOTES 

' Specification for Inverting Mode unless otherwise noted. 

^See Section 16 for package outline information. 

* Specifications same as HOS-060SH 

Individual socket assemblies (one per pin) are available from AMP as part number 6-330808-0. 

Specifications subject to change without notice 



PIN DESIGNATIONS 



PINS 


FUNCTION 




+ V 




GROUND 




OFFSET ADJ« 




OFFSET ADJ» 




-INPUT 




+ INPUT 




NO 




GROUND 




-V 


10 


-V 


11 


OUTPUT 


12 


+ V 



•PINS FOR CONNECTING OPTIONAL 
OFFSET POTENTIOMETER. RECOMMENDED 
VALUE IS 10k OHMS, WITH CENTER ARM 
CONNECTED TO +15V. 
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VOLTAGE AMPLIFIERS/CURRENT BOOSTERS 

Video op amps such as the HOS-060 are characterized by high 
gain bandwidth products, fast settHng times, and high output 
drive. 

One of the most common uses of video op amps is for D/A 
current to voltage conversion or current boosting. Figure 3 is 
one example of this type of application. In this circuit, the 
internal resistance of the D/A is the feed-forward resistor for the 
op amp. 



V 



-15V +15V 
OljjiF T T 1 



HDS 

D/A 

CONVERTER 



VF 



BIPOLAR^. 
OFFSET 



^ 




Figure 3. Inverting Unipolar or Bipolar Voltage Output 

The circuit which is shown will provide a negative unipolar 

output with binary coding on the input, and the bipolar offset 

pin grounded. It will provide a bipolar output with complementary 

offset binary coding on the input, and bipolar offset connected 

tolo. 

OFFSET AND GAIN ADJUSTMENT 

The low value of offset may preclude the need for adjustment, 

but Figure 4 shows a method of adjusting both offset and gain. 







GAIN = - ( JES) 

Figure 4. HOS-060 Offset and Gain Adjust 
As shown, the gain of the circuit is established by the equation: 

G = - \« — I where RpR = Rqain + ^^i^ Adjust. 

\i\pp' 

Once the user has established the desired gain for the illustrated 
circuit, the value of RpB can be used to determine the correct 
value of RoFFSET with the equation: 

RpBl 



^OFFSET = 



_ ( Vcc X Rfb \ 
\ AEo f 



where AEq is the desired amount of offset on the output. 

Note: RpFj Rgainj Cfb and Roffset n^^st be located as close to 
the summing node of the HOS-060 as physically possible. This 
helps prevent additional capacitance in the summing node and 
corresponding bad effects on frequency response and settling 
times. 

Variable controls (such as Offset Adjust and Gain Adjust) should 
never be tied to the summing node of the op amp. Their correct 
electrical locations are those shown in Figure 4. 



NONINVERTING OPERATION 

The vast majority of video operational amplifiers display marked 
differences in settling times and bandwidths when operated in a 
noninverting mode instead of the inverting mode. There are a 
number of valid reasons for this characteristic. 

Most high-speed op amps use feed-forward compensation for 
optimizing performance in the inverting mode. This is necessary 
to obtain wide gain-bandwidth products while maintaining dc 
performance in these types of devices. In effect, the op amp has 
a wideband ac channel which is not perfectly matched to the dc 
channel. 

Feed-forward techniques enhance the performance of the op 
amp in the inverting mode by increasing the slew rate and small- 
signal bandwidth. These techniques, however, also decrease the 
amplifier's tolerance to stray capacitances, so must be employed 
judiciously. 

The Analog Devices HOS-060 has different performance charac- 
teristics when operating as a noninverting amplifier, but the 
care used in the design makes the differences less pronounced 
than they are in the designs of competing units. 

The HOS-060 can be considered a true differential video op 
amp. It requires little or no external compensation because its 
rolloff characteristics approach a 6dB/octave slope. This helps 
the user determine summing errors and loop response; and 
helps assure the stabihty of the system. 

The performance parameters for both inverting and noninverting 
operation are shown elsewhere in this data sheet (see SPECIFI- 
CATIONS section and figures). A comparison of the characteristics 
will highlight the similarities in performance, with the exceptions 
noted above. 

(Rff = Rfb = 50011, A = -1) 





d O 2V P-P, Ru = 150a 

4- •4V pp. R, = ison 
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OUTPUT FREQUENCY - MHz 

Figure 5. Harmonic Distortion - Inverting 



Rfb = Ik, a = 2) 




OUTPUT FREQUENCY - MHz 



Figure 6. Harmonic Distortion - Noninverting 



THE READER IS URGED TO CONSULT THE HOS-050 
DATA SHEET FOR ADDITIONAL APPLICATIONS IN- 
FORMATION. THE HOS-060 IS PIN-FOR-PIN COMPATI- 
BLE WITH THE HOS-050 SERIES AND CAN BE USED 
IN SIMILAR WAYS. 
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ANALOG 
DEVICES 



Wide Bandwidth, 
Higli-Speed Buffer Amplifiers 



HOS-100AH/HOS-100SH 



FEATURES 

Wide Bandwidth -de to 125MHz 

High Slew Rate - 1500V/jlis 

Operation Guaranteed -55° C to +125°C (SH) 

High Output Drive - ±10V with 100^ Load 



APPLICATIONS 

Current Boosters 

High Speed A/D Input Buffers 

Nuclear Instrumentation Amplifiers 

Coaxial Cable Drive 

High Speed Line Drivers 

Video Impedance Transformation 



HOS-IOOAH/HOS-IOOSH 
FUNCTIONAL BLOCK DIAGRAM 



INPUT 




OUTPUT 



GENERAL DESCRIPTION 

The HOS-IOOSH and HOS-IOOAH Bipolar Buffer Amplifiers 
are high-speed, voltage follower/buffers designed to provide 
high-current drive at frequencies from dc to over 125MHz, as 
well as providing ±10mA into lkl2 loads (±100mA peak) at 
slew rates of 1500V /jUS. Both units also exhibit excellent phase 
linearity (2°), and low distortion «0.1%). 

For commercial temperature ranges the HOS-IOOAH is speci- 
fied for operation over the range of -25°C to +85°C (case). 
The HOS-IOOSH is specified for operation over the military 
range of -55°C to +125°C (case). 

The HOS-IOOSH and HOS-IOOAH are intended to fulfill a 
wide range of buffer applications, such as video impedance 
transformation, high impedance input buffers for A/D con- 
verters and comparators, as well as high-speed line drivers and 



nuclear instrumentation amplifiers. Additionally, both ampli- 
fiers will continuously drive 50fll coaxial cables or serve as 
yoke drives in high resolution CRT displays. 

They are particularly well suited for current booster applica- 
tions (Figure 3) within an op-amp loop where input impedance 
and bias current requirements are less stringent than in FET 
design. 
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Figure 2. Power Derating 



. 4 *— 1^ 




i h— O OUTPUT 



Figures. Current Booster 



Figure 1. Schematic Diagram H 03-100 
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SPECIHCATIONS 







HOS-IOOSH 


HOS-IOOAH 




PARAMETER 


CONDITIONS 


MIN TYP MAX 


MIN TYP 


MAX 


UNITS 


DC ELECTRICAL CHARACTERISTICS^^ 












Input Bias Current 
Input Impedance 


Tc = 25°C 

ViN = IVrms, f= IkHz 
Rl = Ik, Tc = 25°C 


5 20 
25 
100 200 


5 
100 200 


25 


ma. 

kl2 


Voltage Gain 


ViN = IV rms, f = IkHz 
Rl = Ik, Tc = 25°C 


0.95 0.97 1.0 


0.94 0.96 


1.0 


v/v 


Output Offset Voltage 


Rs = 50n, Tc = 25°C 


5 10 
25 


10 


25 
35 


mV 
mV 


Output Offset Voltage Tc 
Output Impedance 

Output Voltage Swing 


Rs = 50n 

ViN = IV rms, f = IkHz 
Rs = 50012, Rl = Ik 
Rs = 50n, Rl = Ik 
Vs=±5V,Rl= Ik 


25 75 
8 12 

±12 ±13 
6 


25 
8 

±12 ±13 
6 


75 
12 


//V/°C 
12 

V 
V 


Supply Current 


ViN = OV, Tc = 25°C 
Vs = ±15 


13 16 


15 


20 


mA 




Vs = ±5 


10 


10 




mA 


Power Consumption 


ViN = OV, Vs = ±15V 
Tc = 25°C 


390 480 


450 


600 


mW 


AC ELECTRICAL CHARACTERISTICS^ 












Slew Rate 


ViN = ±iov 


1000 1500 


10001400 




V/jUs 


Bandwidth 


ViN = IV rms 


100 125 


100 125 




MHz 


Rise Time 


AViN = 0.5 V 


2 5 


2 


5 


ns 


Propagation Delay 
Phase Nonlinearity 
Harmonic Distortion 


AViN = 0.5V 
BW = 1 to 20MHz 


1.5 

2 

<0.1 


1.5 
2 
<0.1 




ns 
Degrees 

% 



MFBF 



1.509X10'' hours 



NOTES 

* Unless otherwise noted, these specifications apply for +15V applied to Pin 12, and -15V applied to Pin 10. 

* Unless otherwise noted, specifications apply over a temperature range, -55°C < Tg < +125°C for the HOS-IOOSH, and 
-as^C < Tc < +85*'C for the HOS-IOOAH. Typical values shown are for Tc = +25^C. 

'These specifications all measured with the following conditions: Tc = +25°C, V's = ±15V, Rs = 50fl, Rl = Ik. 
Specifications subject to change without notice. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V+ - V-) 40V 

Maximum Power Dissipation 1.5W 

Input Voltage Equal to Supply Voltage 

Maximum Continuous Output Current ±100mA 

Maximum Peak Output Current ±250mA 

Operating Temperature Range (Case) -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) +300 C 

Maximum Junction Temperature +175 C 



ORDERING INFORMATION 



Model 


Temperature Range 


Package 
Options* 


HOS-IOOAH 
HOS-IOOSH 


-25°Cto+85°C 
-55°Cto+125°C 


H-12A 
H-12A 



*See Section 16 for package outline information. 
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ANALXXa 
DEVICES 



Wide Bandwidth, 
High-Speed Buffer Amplifier 



HOS-200 



FEATURES 

Wide Bandwidth/Good Drive 

Fast Rise Time 

Low Power 

±5V Supplies 

APPLICATIONS 
Current Boosters 
High-Speed A/D Input Buffers 
Instrumentation Amplifiers 
Coaxial Cable Drivers 
High-Speed Line Drivers 



HOS-200 FUNCTIONAL BLOCK DIAGRAM 



GENERAL DESCRIPTION 

The HOS-200AH and HOS-200SH Buffer AmpUfiers are high- 
speed, voltage follower/buffers designed to provide up to lOOntA 
of continuous current at frequencies from dc to 200MHz. AC 
performance is enchanced with slew rates exceeding 1500V/jiS. 
Both units exhibit excellent phase linearity and low distortion, 
making them ideal for raster graphic and other video-speed 
appUcations. 

These devices are designed to fit into a broad range of buffer 
applications, such as video impedance transformation; high- 
impedance input buffers for A/D converters and comparators; 
and high-speed line drivers for nuclear instrumentation amplifiers. 
The HOS-200 will drive 50ft and 75ft cables, and can serve as a 
yoke driver in high-resolution CRT displays. 

The versatility of the HOS-200 makes it particularly well suited 
for use with the Analog Devices series of raster graphic video 
DACs, such as the monolithic AD9700 and the hybrid HDG 
Series. The HOS-200 follower/buffer can also economically 
enhance the output drive of monolithic op amps. 

MIL-STD-1772 approval has been granted to the Analog Devices 
manufacturing facility that produces the parts, which are also 
available with MIL processing. The HOS-200AH operates from 
-25*'C to +85°C; the HOS-200SH is specified for -55X to 
+ 125°C. 




lU^U 















.^^ 


V 


Rs = 
Rl = 
Vs = 

V,N = 


5011 
Ikll 


PHASE ^ 


^ 


GAIN 


±5V 
IVrms 






\ 



1M 10M 100M 

FREQUENCY - Hz 
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SPECIFICATIOKS 



(typical @ + 25°C with ± Vs = ± 5V unless otherwise specified) 



Model 



HOS-200AH 



HOS-200SH 



ABSOLUTE MAXIMUM RATINGS 
Peak Voltage Between Supply Terminals (Vs + to Vs - ) 
Continuous Voltage Between Supply Terminals (Vs + to Vs - ) 
Power Dissipation 
Input Voltage 

Continuous Output Current 
Peak Output Current 
Operating Temperature Range (Case) 
Junction Temperature 
Storage Temperature Range 
Lead Temperature (soldering, lOsec) 



30V 


• 


16V 


• 


See Derating Graph 


• 


±Vs 


• 


± 100mA 


•k 


± 250mA 


■k 


-25°Cto+85°C 


-55°Cto + 125°C 


+ 150°C 


• 


-65°Cto + 150°C 


• 


+ 300°C 


• 



DC ELECTRICAL CHARACTERISTICS 
















Parameter 


Conditions 


Min 


Typ 


Max 


-55-C 


+ 25X 


+ 125X 


Units 


Input Bias Current 


ViN = 0V;Rs=10kn 




8 


25 


30 (max) 


20 (max) 


20 (max) 


^.A 


Input Impedance 


ViN=lVrms;f=lkHz; 


















RL=lk 


100 


200 






lOO(min) 




kO 


Voltage Gain 


VrN=lV;RL=lk 


0.975 


0.985 




0.975 (mir 


0.975 (min: 


0.975 (min) 


VA^ 




ViN=lV;RL=100a 


0.900 


0.915 






0.900 (min. 




VA^ 


Offset Voltage 


Rs = 50n 




12 


25 


18 (max) 


15 (max) 


15 (max) 


mV 


Offset Voltage Tc' 


Rs = 50a 




25 




25 (typ) 


5 (typ) 


5 (typ) 


M,V/°C 


Output Impedance 


ViN=lVrms;f=lkHz 
Rs = 500n;RL = lkn 




8 


12 




12 (max) 




n 


Output Voltage Swing 


Rs = 500n;RL=lkn 


4.0 


4.25 




3.75 (min) 


4.0 (min) 


4.0 (min) 


V 


Output Current (Continuous) 


VouT = OV 


100 








100 (min) 




mA 


Supply Current 


ViN = 0V;Vs=±5V 




12 


16 


16 (max) 


16 (max) 


20 (max) 


mA 


Power Consumption 


ViN = 0V;Vs=±5V 




120 


160 


160 (max) 


160 (max) 


200 (max) 


mW 


Power Supply Rejection 


















Ratio (PSRR) 


AVs=±2.5V 


40 


45 






40 (min) 




dB 



AC ELECTRICAL CHARACTERISTICS' 



Parameter 


Conditions 


Min 


Typ 


Max 


-55°C 


+ 25''C +125''C 


Units 


Slew Rate 


ViN=±2.5V 


1000 


1500 






1000 (min) 


V/m-s 


Bandwidth (-3dB) 


ViN=lVrms 




200 






200 


MHz 


Rise Time 


AViN = 0.5V 




1.5 






1.5 


ns 


Propagation Delay 


AViN = 0.5V 




1.5 






1.5 


ns 


Phase Nonlinearity 


BW=lto20MHz 




2 






2 


degree 


Harmonic Distortion 






<0.1 






<0.1 


% 


THERMAL RESISTANCE^ 
















Junction to Air, Oja (Free Air) 






90 






90 


°C/W 


Junction to Case, Ojc 






40 






40 


°c/w 


MTBF'* 


>l.lxlO^ 


hours 



PACKAGE OPTION^ 
TO-8(H-12A) 



NOTES 

'Input offset voltage Tc is typically less than 5|j,V/°C from + 25°C to high temperature extreme. 

^These specifications measured under following conditions: Tc= +25°C; ±Vs= ±5V;Rs = 0fi,Ri = 

'Recommended maximum junction temperature is + 1 50°C. 

'*MTBF calculated using Mil Handbook 2 17, Ground; Fixed; Temperature (case) = 35°C. 

^See Section 16 for package outline information. 

Specifications subject to change without notice. 



PIN DESIGNATIONS 



PIN 


FUNCTION 


1 


V + 


2 


GROUND 


3 


NO 


4 


NO 


5 


INPUT 


6 


NO 


7 


NO 


8 


GROUND 


9 


V- 


10 


V- 


11 


OUTPUT 


12 


V + 
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HOS-200 Power Derating 

ENHANCING HOS-200 PERFORMANCE 

The HOS-200 is an excellent building block in high slew rate, 
pulse-oriented systems. Output loading in these types of systems 
is often highly capacitive because of coaxial cables and twisted 
pair lines; but the powerful drive capability of the HOS-200 
makes it a good choice for inclusion in the system. 

Its effectiveness can be extended further through the use of a 
small series resistance (50-3000) in the output of the unit. This 
has two effects: it shields the HOS-200 from the load capacitance, 
which might otherwise be outside the design limits of the amplifier; 
and also tailors the pulse response. The output response can 
also be enhanced with a small (lOOpF-BOOpF) capacitor connected 
between the input and output. 

LAYOUT CONSIDERATIONS 

Like any high-speed device, the HOS-200 ampUfier will benefit 
from the use of good high-frequency design practices. The 
undesirable effects of stray capacitance and high frequency 
coupling can be minimized with close attention to circuit layout. 

A low-impedance groimd plane under the HOS-200 can reduce 
the effects of distributed capacitance; and provide a greater 
degree of shielding for the device. Lead lengths in and out of 
the HOS-200 should be kept as short as practicable to minimize 
impedances and limit the effects of signal reflections. 

Direct soldering of the imit into the circuit is recommended to 
avoid the inter-lead capacitance of sockets and the reduction in 
performance which can result. If socket mount must be used, 
individual pin sockets are preferable to device sockets. 

The HOS-200 contains internal power supply decoupling 
capacitors, but further improvement in performance can often 
be achieved with external decoupling capacitors connected as 
closely as possible to the power supply pins of the amplifier. 
Typically, a combination of a O.l^^F ceramic disk capacitor and 
a lOOpF tantalum capacitor is connected to each supply pin. 



Each power supply voltage has been provided with two pins on 
the HOS-200; + 5V is connected to pins 1 and 12, and - 5V is 
connected to pins 9 and 10. Each pair of pins is connected 
internally, but should also be connected externally to its mate 
and the appropriate power supply. Pins 2 and 8 are ground pins 
which are connected internally, but should also be connected 
together externally before the connection to the low-impedance 
ground recommended above. 

HEAT SINKING 

An efficient heat sink is required for the HOS-200SH if the user 
expects to obtain maximum output drive at temperatures up to 
+ nS^C. One possibility is the Thermalloy-2204A, but other 
appropriate devices are also available. 

The case of the HOS-200 is electrically isolated from the circuit 
containing the amplifier. This means the case can be connected 
to system ground(s) for additional heat dissipation, and shielding. 
Pins 3, 4, 6, and 7 are designated as "no connection" and can 
also be connected to the low-impedance groimd to help dissipate 
heat. 

SUGGESTED APPLICATIONS 

Figures 1 and 2 are possible application ideas using the HOS-200 
amplifier.The circuits which are shown are not intended as the 
only possible applications for this device; they are simply intended 
to illustrate some possibilities offered by the unit. 




R3 PROVIDES 
I ISOLATION BETWEEN 
\/ AMPLIFIER AND BUFFER. 



OVoUT 



01 AND R4 SELECTED 
FOR OPTIMAL 
r^ PULSE RESPONSE 



Figure 1. increased Output Current Drive 

OUTPUT LOADING POSSIBILITIES 




Figure 2. Impedance Transformations for 500, 750, and 
930 Cables 
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PERFORMANCE GRAPHS 

Figures 3 through 9 depict typical performance of the HOS-200 
amplifier for a number of characteristics. As in the parameters 
shown in the SPECIFICATIONS section of the data sheet, the 
data shown in the graphs are typical performance at + 2SX, 
unless noted otherwise. 
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figure 3. Input Bias Current vs. 
Temperature 



Figure 4. Gain vs. Temperature 



SUPPLY VOLTAGE - Volts 

Figure 5. Output Voltage vs. 
Supply Voltage 
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SUPPLY VOLTAGE - Volts 

Figure 6. Supply Current vs. 
Supply Voltage 



FREQUENCY - MHz 



Figure 7. Output Impedance vs. 
Frequency 
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Figure 8. Small-Signal Settling 
(±250mV Square Wave Input) 
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ORDERING INFORMATION 

The model HOS-200AH operates over an industrial temperature 
range of -25°C to +85°C. The model HOS-200SH is designed 
for a military temperature range of - 55'*C to + 125°C. The 
Computer Labs Division of Analog Devices, which produces the 
HOS-200 has been certified as meeting the standards established 
by MIL-STD-1772. Contact the division for details regarding 
parts with MIL processing. 



10 20 30 40 50 60 70 80 90 100 
NANOSECONDS 

Figure 9. Large-Signal Settling 
(± 2.5V Square Wave Input) 
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Prop Delay 
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ns 


Latch 


Logic 


Page 


Notes 


AD790 


35 


X 


TTL 


3-5 




AD9685 


2.2 


X 


ECL 


3-9 




AD9686 


7 


X 


TTL 


3-13 




AD9687 


2.7 


X 


ECL 


3-9 


Dual 


AD96685 


2.5 


X 


ECL 


3-17 




AD96687 


2.5 


X 


ECL 


3-17 


Dual 
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Orientation 

Comparators 



A voltage comparator compares two voltages and provides an 
output that is a function of their difference. For the products in 
this section, the output of an ideal comparator has two stable 
states representing the sign of the difference. Thus, the output 
will be a logic "1" if the voltage at the input labelled " + " is 
greater than the voltage at the input labelled " - ," and logic 
"0" for the opposite case. 

A comparator is used wherever some action depends on whether 
a voltage is - or becomes - greater or less than another voltage - 
usually a reference. Since it is in effect a 1-bit A/D converter, 
the comparator is the basic element of virtually all A/D converters, 
as well as a sign-magnitude adjunct. Because the voltage that is 
compared with a reference can be the linearly varying output of 
an integrator with constant input, a comparator can be used in 
analog-based event timing. The comparator is also an element of 
pulse-width modulators, peak detectors, delay generators, switch 
drivers, etc. 

A comparator is essentially a fast, high-gain amplifier whose 
output is always at an upper or lower Umit, except when switching. 
The simplest comparator would be an open-loop-connected, 
uncompensated, high-gain, high-slew-rate op amp with excellent 
offset & drift characteristics, fast recovery from overdrive and 
an overdrive-protected input. 



In addition, practical comparators have a small amount of hysteresis 
(internal or external) to help keep noise from causing the output 
to bounce around, and most have a latch, which makes it possible 
to freeze the output at the state it has at a given instant of time, 
in response to a logic signal. Since the comparator is producing 
a digital decision, its outputs are generally compatible with 
either TTL or ECL. 

Aside from its op-amp related specifications, such as bias current, 
offset & drift and the various logic-related timing and interface 
specs, the key comparator spec is propagation delay: the time 
required for the output to reach the 50% point of a transition, 
after the net input has crossed the offset voltage - when driven 
by a square wave to a prescribed value of input overdrive, usually 
5mV or lOmV. 

The Selection Guide classifies Analog Devices comparators by 
propagation delay, presence or absence of a latch and interface 
logic compatibility. It also indicates the presence of dual com- 
parators, each comprising two independent comparators on a 
single monolithic chip. Since pairs of comparators jointly have 
four possible states, they may be used for high-accuracy 2-bit 
ADCs and for window measurements, as well as for simple two- 
in-one space-saving. 
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3-4 COMPARATORS 




ANALOG 
DEVICES 



Fast Single Supply 
Comparator 




FEATURES 

35ns max Response Time 
Single +5V Supply Operation 
CMOS or TTL Logic Capability 
250»jiV max Input Offset Voltage 
ImV Input Voltage Resolution 
15V max Differential Input Voltage 
Latching Function Capability 
Glitch Free Output Stage 
60mW Power Dissipation 

APPLICATIONS 
Over$ampling A/D Converters 
Single Supply Line Receiver 
MOS Switch Drivers 
Pulse Width Modulator 
Peak Detector 

Single Supply Ground Crossing Detector 
Time Delay Generator 
Available in Plastic, Mini-DIP, Hermetic 
Cerdip Packages 



PRODUCT DESCRIPTION ^ 

The AD790 is a fast (35ns) pred^ Ji)lta^e compa^^ator. It has 
a number of features that make it'^^ceptionally versatile ^nd 
easy to use. The AD790 may operafe from ai§ingl^ 4'5V supply 
or a dual ± 15V supply. In the single supply mode, the AD?90's 
inputs may be referenced to "ground," a feature not found in 
most other comparators. In the dual supply mode it has the 
unique advantage of handling a maximum differential voltage of 
15V across its input terminals, easing interfacing of the input to 
large amplitude and dyanamic signals. 

This device is fabricated using Analog Devices' complementary 
bipolar (CB) process - offering benefits such as fast response 
time (35ns), low input offset voltage (250|xV) and high input 
voltage resolution (ImV). To preserve its speed, the AD790 
incorporates a "low gUtch" output stage which does not exhibit 
large current spikes normally found in TTL or CMOS output 
stages. Its controlled switching reduces power supply disturbances 
which would tend to feed back to the input causing undesired 
oscillations or hysteresis. The AD790 has a latching function 
which makes it ideal for applications requiring synchronous 
detection - wherein the latch is activated by forcing the latch 
pin low with either a CMOS or TTL gate. 



AD790 FUNCTIONAL BLOCK DIAGRAM 

8-Pin Plastic Mini-DIP 
and Cerdip 



+Vs 
+ INPUT 




1 




8 


2 


— 


N. 


7 
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— 


^L 


11 
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5 



Vlogic 
OUTPUT 

GND 
LATCH 



dl^^j^-precision, low-power and glitch-free oper- 
'"^c^'s brought together in the AD790, make it the 
loice for 12-bit high-speed applications. 

1'%A13790 is available in five performance grades. The AD790J 
Ad theAp790K are rated over the commercial temperature 
r|j^ o^P^rl-70°C. The AD790A and AD790B are rated over 
the%dup:rial temperature range of -40°C to +85°C. The 
SA.P790S is rated over the military temperature range of - 55°C 
to + 125°C and is available processed to MIL-STD-883B, 
Rev. C. 

Extened reliability PLUS screening is available, specified over 
the commercial and industrial temperature range. PLUS screening 
includes a 168 hour burn-in, as well as other environmental and 
physical tests. 

PRODUCT HIGHLIGHTS 

1. The AD790 is a fast, high precision, easy to use voltage 
comparator. 

2. True single supply operation plus dual supply capability 
allow usage in many design environments. 

3. CMOS or TTL compatible output stage. 

4. 60m W power dissipation is the lowest in its class. 

5. GUtch-free output stage minimizes oscillation and hysteresis. 
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OrLUiriUnl IUIlO(@+25<'CandVs= ±15Vdc,Vu,G,c, unless otherwise noted) 














AD790J/A/S 




AD790K/B 






Model 


Conditions 


Min Typ Max 


Min 


Typ 


Max 


Units 


RESPONSE TIME 














Propagation Delay 


5mV Overdrive 


30 35 




30 


35 


ns 


Latch Response Time 




15 20 




15 


20 


ns 


Latch Setup Time 




10 15 




10 


15 


ns 


OUTPUT CHARACTERISTICS 














Output HIGH Voltage 


100^,ASink 


4.7 4.8 


4.7 


4.8 




V 




Tnun — I max 


4.6/4.6/4.6 4.8 


4.6 


4.8 




V 


Output Low Voltage 


8mA Sink 


0.44 O.S 




0.44 


0.5 


V 




Tmin — Tmax 


0.44 0.5/0.5/0.5 




0.44 


0,5 


V 


INPUT CHARACTERTISTICS 














Input Offset Voltage^ 




200 1000 




50 


500 


KiV 




T„un-T„ax^ 


L5 






0.75 


mV 


Hysteresis^'^ 


rmin — I max 


300 400 600 


300 


400 


500 


fiV 


Voltage Resolution 


Tmm-T„ax 


0.8 1.2 




0.8 


1.0 


mV 


Input Bias Current 


Either Input 


2 5 




1.3 


3 


^A 




Tnun-T„,ax 


6/6/8 






4 


txA 


Input Offset Current 




0.05 i).25 
,.«,«t!l|.3/0.3/0.4 




0.01 


0.15 


ixA 




Tmm-T„ax 






0.2 


jxA 


PSRR 




«« #1 % 


S8 


100 




dB 




Tn.n-T„,ax 


76/76/76^^^%'% 


85 


96 




dB 


INPUT VOLTAGE RANGE 




,,, '% 4^^^'^^ ,, 










Differential Input Voltage 
Common-Mode Input 


±Vs<=±15V ^^^^,. 
-10<VcM<-*f^i^|| 


^r^ , ?d»t. 


-Vs 




±Vs 

+ Vs-2 


V 
V 


CMRR 


^^ %i.^r^ 


90 


100 




dB 




J^/^t(7'^| ''%//'/?>' 


88 






dB 


LATCH CHARACTERISTICS^ 


.-.,, '%;>■'' 'j.** ' , *. 


%, V^^ 6/6/8 


p. 








LOW Input Level ,,^„,, 'i 


:;t|,%£ ^y 






0.8 


V 


HIGH Input Level ^'Jl 


-t»"i'-Tn^ 1 ,./* 


1.6 






V 


Latch Input Current 'fj, 






2 


5 


^.A 


'ftf' 






6 


IkA 


SUPPLY CHARACTERISTICS 


.;,H-' ^^1 


" 4.5 36 










Differential Supply Voltage ^''^ 


Vlogic = 5V 


4.5 




36 


V 


Logic Supply 


T„unt0T„ax 


4 6 


4 




6 


V 


Quiescent Current 














, + Vs 


+ Vs= + 15V 


8 10 




8 


10 


mA 


-Vs 


-Vs=-15V 


4 5 




4 


5 


mA 


Vlogic 


Vlogic =+5V 


2 3 




2 


3 


mA 


Power Dissipation 


± 15V Operation 


240 






240 


mW 



NOTES 

'Defined as the average of the low to high and high to low transition input voltages. 

^Guaranteed over full temperature range although not 100% tested at temperature for J/A grades. 100% tested on all other grades. 

^Defined as half the magnitude between low to high and high to low transition input voltages. 

'^ + Vs must be no less than 0.5 V below Vlogic in any supply operating conditions. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final test. All min and max specifications are guaranteed 

although only those shown in boldface are tested. 
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brtblrluAl I U No (@ + 25^1: and Single +5V Supply, unless otheiwisenQtedV 









AD790J/A/S 




AD790K/B 






Model 


Conditions 


Min 


Typ Max 


Min 


Typ 


Max 


Units 


RESPONSE TIME 
















Propagation Delay 


5mV Overdrive 




35 40 




35 


40 


ns 


Latch Response Time 






20 25 




20 


25 


ns 


Latch Setup Time 






15 20 




15 


20 


ns 


OUTPUT CHARACTERISTICS 
















Output HIGH Voltage 


lOO^iA Sink 


4.7 


4.8 


4.7 


4.8 




V 




Tnun ~ Tmax 


4.6/4.6/4.6 4.8 


4.6 


4.8 




V 


Output LOW Voltage 


8mA Sink 




0.44 0.5 




0.44 


0.5 


V 




>■ nun — Tmax 




0.44 0.5/0.5/0.5 




0.44 


0.5 


V 


INPUT CHARACTERTISTICS 
















Input Offset Voltage^ 






200 1000 




50 


250 


^iV 




Tmin-Tniax 




w^-^ 
n^^ 






0.75 


mV 


Hysteresis^''* 


A nun — 1 max 


300 


300 


450 


600 


^iV 


Voltage Resolution 


T„.„-T„,,, 






0.9 


1.2 


mV 


Input Bias Current 


Either Input 




;-, i K^' 




1.3 


3 


ixA 




Tmxn-T„.ax 




. " ,'.""** em 






4 


PlA 


Input Offset Current 






•, ■ 05 fM.2%,^ 




0.01 


0.15 


KiA 




Tnun-Tn,ax 




. ^i»*«4 






0.2 


ixA 


PSRR 


4 5<Vs<5.5 ":;",, ' 


m 


. ^. ;4'' 


86 


100 




dB 




T»„-T„^^.. ';!,. :i 


lenen^ 




82 


96 




dB 


INPUT VOLTAGE RANGE^ 


, ''■' '/I' '/''l ,„,,%, '' 




•'.K, 










Differential Input Voltage 


r' 1 "' 'hi ' <AI>r , 

■y-'' '•:'" //" /w"'"" 


' 


, ^ , '\>$^s 






+ Vs 


V 


Common-Mode Input 


;, . . ' _^,v, ^i 





" - '4 +Vs-2 







+ Vs-2 


V 


LATCH CHARACTERISTICS'* 
















LOW Input Level 


T t" "'V, I/"''''" 

A nun- A max ,'- 




0.8 






0.8 


V 


HIGH Input Level 


T^„-T_ "" 


14,:.^ 




1.6 






V 


Latch Input Current 






2 5 




2 


5 


jjlA 




Tmm-Tn,ax 




6/6/8 






6 


^jlA 


SUPPLY CHARACTERISTICS 
















Single Supply Range 




3.5 


7 


3.5 




7 


V 


Quiescent Current 


+ Vs=+5V 




12 






12 


mA 


Power Dissipation 


+ Vs = + 5 V Operation 




60 






60 


mW 


PACKAGE OPTIONS^ 
















Plastic (N-8) 






AD790JN 




AD790KN 






Cerdip(Q-8) 






AD790AQ,AD790SQ 




AD790BQ 







NOTES 

'Pin 1 tied to Pin 8 = + 5V, and Pin 4 tied to Pin 6 = OV. 

^Defined as the average of the low to high and high to low transition input voltages. 

'Defined as half the magnitude between low to high and high to low transition input voltages. 

'^Guaranteed over full temperature range although not 100% tested at temperature for J/A grades. 100% tested on all other grades. 

^See Section 16 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final test. All min and max specifications are guaranteed 

although only those shown in boldface are tested. 
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ABSOLUTE MAXIMUM RATINGS^ 

Supply Voltage ±18V 

Internal Power Dissipation 500mW 

Differential Input Voltage^ ± 15V 

Output Current 20mA 

Storage Temperature Range N, Q -65°C to + 125°C 

Operating Temperature Range 

AD790J/K to +70X 

AD790A/B -40"'Cto +85°C 

AD790S -55Xto + US^'C 

Lead Temperature Range (Soldering 60sec) + 300''C 

NOTES 

^Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any ither conditions 
above those indicated in the operational sections Qi|^hl| specification 
is not implied. Exposure to absolute maximup d||jinf^nditions for 
extended periods may affect device reliabilitfi^,,_^„||^^^ '''-fi" 

^For supply voltages less than ± 15V, tl!|^|||)scl|^|:e Maximum input 
voltage is equal to the supply volta^. '^.S'flf;^ ''^ 

% "'' 'A^i, '% p^ 
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ANALXX3 
DEVICES 



High-Speed Comparators 



AD9685/AD9687 



FEATURES 

2.7ns Propagation Delay 

0.5ns Latch Setup Time 

90dB CMRR 

+ 5V, -5.2V Supply Voltages 

APPLICATIONS 
High-Speed Triggers 
High-Speed Line Receivers 
Peak Detectors 
Threshold Detectors 



AD9685/AD9687 FUNCTIONAL BLOCK DIAGRAMS 



te 



y 



LATCH ENABLE 

THE OUTPUTS ARE OPEN EMrfTERS, REQUIRING EXTERNAL 
PULL-DOWN RESISTORS THESE RESISTORS MAY BE IN THE 
RANGE OF 500-20011 CONNECTED TO - 2 OV, OR 2000-20000 
CONNECTED TO -5 2V 



AD9685 



GENERAL DESCRIPTION 

The AD9685 and the AD9687 are high-speed voltage comparators. 
The AD9685 and the AD9687 are manufactured in a high per- 
formance bipolar process which allows improved speed and dc 
accuracy. The AD9685 is a single comparator with a 2.7ns 
propagation delay, and the AD9687 is a dual comparator of 
equal performance. 

Both devices employ a high precision differential input stage 
with a common-mode range of ±2.5V. The AD9685 and the 
AD9687 provide complementary digital outputs which are fully 
ECL compatible. The output stage is capable of driving 50ft 
terminated transmission lines given the 30mA output drive 
capacity. In addition to this, a latch enable input is provided, 
allowing operation in either a sample-hold mode or a track-hold 
mode. 

The AD9685 and the AD9687 are both available as an industrial 
grade device, - 25X to + 85''C, and as an extended temperature 
range device, - 55°C to + 125X. The AD%85 is available in a 
10-pin TO-lOO metal can, or a 16-pin ceramic package. The 
AD%87 is available in a 16-pin ceramic package. 






O OUTPUT Q OUTPUT 



r 



^Fi 



LATCH ENABLE 



LATCH ENABLE 



THE OUTPUTS ARE OPEN EMITTERS, REQUIRING EXTERNAL 
PULL-DOWN RESISTORS THESE RESISTORS MAY BE IN THE 
RANGE OF S0O-200OCONNECTED TO - 2 OV, OR 2000-20000 
CONNECTED TO -5 2V 



AD9687 



ORDERING INFORMATION 







Temperature 




Package 


Device 


Type 


Range 


Description 


Options* 


AD9685BD 


Single 


-25°Cto+85°C 


16-Pin DIP, Industrial 


D-16 


AD9685BH 


Single 


-25°Cto+85°C 


1 0-Pin Can, Industrial 


H-lOA 


AD9685TD 


Single 


-55°Cto+125°C 


16-Pin DIP, Extended Temperature 


D-16 


AD9685TH 


Single 


-55°Cto + 125X 


10- Pin Can, Extended Temperature 


H-lOA 


AD9687BD 


Dual 


-25°Cto+85°C 


16-Pin DIP, Industrial 


D-16 


AD9687TD 


Dual 


-55°Cto + 125°C 


16-Pin DIP, Extended Temperature 


D-16 



*See Section 16 for package outline information. 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS^ 

Positive Supply Voltage ( + Vs) +6V 

Negative Supply Voltage (-Vs) -6V 

Input Voltage ± 5V 

Differential Input Voltage 5.5V 

Latch Enable Voltage -VstoOV 

Output Current 30mA 

Power Dissipation AD9685 500mW 

AD9687 600mW 



Operating Temperature Range^ 

AD9685/87/BD/BH -25°Cto +85X 

AD9685/87/TD/TH -55^Cto + 125°C 

Storage Temperature Range -55°Cto +150°C 

Junction Temperature + 175°C 

Lead Soldering Temperature (lOsec) +300°C 



ELECTRICAL CHARACTERISTICS(PositiveSupplyVoltage=: + 5.0V; Negative Supply Voltage = -5.2V, unless ottierwise stated) 







Industrial Temp. Ranj 


je -25X10 +85X 


Military Temp. Range -55*C to +125«C 






AD9685BD/BH 


AD9687BD 


AD9685TD/TH 


AD9687TD 




Parameter 


Temp 


Min Typ 


Max 


Min Typ 


Max 


Min 


Typ 


Max 


Min Typ 


Max 


Units 


INPUT CHARACTERISTICS 
























Input Offset Voltage^ 


+ 25°C 


! 


5 


1, 


5 




! 


5 


1 


5 


mV 




Full 




7 




7 






7 




7 


mV 


Input Offset Drift 


Full 


20 




20 






20 




20 




|xV/°C 


Input Bias Current 


+ 25°C 


3 


15 


3 


15 




3 


15 


3 


15 


»iA 




Full 




20 




20 






20 




20 


^.A 


Input Offset Current 


+ 25°C 


0.5 


3 


0.5 


3 




0.5 


3 


0.5 


3 


y.A 




Full 




5 




5 






5 




5 


M-A 


Input Resistance 


+ 25°C 


200 




200 






200 




200 




ka 


Input Capacitance 


+ 25°C 


3 




3 






3 




3 




pF 


Input Voltage Range 


Full 


-2.5 


+ 2.5 


-2.5 


+ 2.5 


-2.5 




+ 2.5 


-2.5 


+ 2.5 


V 


Common-Mode Rejection Ratio 


Full 


75 90 




75 90 




80 


90 




80 90 




dB 


ENABLE INPUT 
























Logic "1" Voltage 


Full 


-!.! 




-1.1 




-1.1 






-1.1 




V 


Logic "0" Voltage 


Full 




-1.5 




-1.5 






-1.5 




-1.5 


V 


Logic"!" Current 


Full 




60 




60 






60 




60 


jtA 


Logic "0" Current 


Full 




5 




5 






5 




5 


fxA 


DIGITAL OUTPUTS^ 
























Logic"!" Voltage 


Full 


-1.1 




-1.1 




-!.! 






-1.1 




V 


Logic "0" Voltage 


Full 




-1.5 




-1.5 






-1.5 




-1.5 


V 


SWITCHING PERFORMANCE'^ 
























Propagation Delays^ 
























Input to Output HIGH 


+ 25°C 


2.7 


3.0 


2.7 


4.0 




2.7 


3.0 


2.7 


4.0 


ns 


Input to Output LOW 


+ 25°C 


2.7 


3.0 


2.7 


4.0 




2.7 


3.0 


2.7 


4.0 


ns 


Latch Enable to Output HIGH 


+ 25°C 


2.7 


3.0 


2.7 


4.0 




2.7 


3.0 


2.7 


4.0 


ns 


Latch Enable to Output LOW 


+ 25°C 


2.7 


3.0 


2.7 


4.0 




2.7 


3.0 


2.7 


4.0 


ns 


Latch Enable 
























Minimum Pulse Width 


+ 25°C 


2.0 


3.0 


2.0 


3.0 




2.0 


3.0 


2.0 


3.0 


ns 


Minimum Setup Time 


+ 25°C 


0.5 


1.0 


0.5 


1.0 




0.5 


1.0 


0.5 


1.0 


ns 


Minimum Hold Time 


+ 25°C 


0.5 


1.0 


0.5 


1.0 




0.5 


1.0 


0.5 


1.0 


ns 


POWER SUPPLY^ 
























Positive Supply Current ( + 5.0V) 


Full 


16 


23 


3! 


42 




16 


23 


31 


42 


mA 


Negative Supply Current ( - 5.2V) 


Full 


30 


34 


67 


75 




30 


34 


67 


75 


mA 


Power Supply Rejection Ratio^ 


Full 


60 




60 






60 




60 




dB 



NOTES 

^Absolute maximunr ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

^Typical thermal impedances . . . 

AD9685 Metal Can 0,^ = 172°C/W; e,c = 52°C/W 

AD9685 Ceramic e,a = 115°C/W; e,c = 57°C/W 

AD9687 Ceramic e,a = 102°C/W; e,c = 45°C/W 



^Rs=iooa 

'^Outputs terminated through 50ft to -2.0V. 
^Propagation delays measured with lOOmV pulse; 5mV overdrive. 
^Supply voltages should remain stable within ± 5% for normal operation. 
^Measured at ±5% of +Vs and -Vs. 

Specifications subject to change without notice. 
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PIN NAME 



FUNCTIONAL DESCRIPTION 

DESCRIPTION 



+ Vs 

NONINVERTING INPUT 

INVERTING INPUT 

LATCH ENABLE 

LATCH ENABLE 



-Vs 

Q 



GROUND 1 
GROUND 2 



- Positive supply terminal, nominally + 5.0V. 

- Noninverting analog input of the differential input stage. The NONINVERTING INPUT 
must be driven in conjunction with the INVERTING INPUT. 

- Inverting analog input of the differential input stage. The INVERTING INPUT must be 
driven in conjunction with the NONINVERTING INPUT. 

- In the "compare" mode (logic HIGH), the output will track changes at the input of the 
comparator. In the "latch" mode (logic LOW), the output will reflect the inpu t state just 
prior to the comparator being placed in the "latch" mode. LATCH ENABLE must be 
driven in conjunction witii LATCH ENABLE for the AD9687. 

- In the "compare" mode (logic LOW), the output will track changes at the input of the 
comparator. In the "latch" mode (logic HIGH), the outpu t will reflect the inp ut state just 
prior to the comparator being placed in the "latch" mode. LATCH ENABLE must be 
drive in conjunction with LATCH ENABLE for the AD9687. 

- Negative supply terminal, nominally -5.2V. 

- One of two complementary outputs, Q will be at logic HIGH, if the analog voltage at the 
NONINVERTING INPUT is greater tiian the analog voltage at the INVERTING INPUT 
(provided the comp arator is in the "compare" mode). See LATCH ENABLE and 
LATCH ENABLE (AD9687 only) for additional information. 

- One of two complementary outputs. Q will be at logic LOW, if the analog voltage at the 
NONINVERTING INPUT is greater tiian the analog voltage at the INVERTING INPUT 
(provided the comp arator is in the "compare" mode). See LATCH ENABLE and 
LATCH ENABLE (AD9687 only) for additional information. 

- One of two grounds, but primarily associated with the digital ground. Both grounds should 
be connected together near the comparator. 

- One of two grounds, but primarily associated with the analog groimd. Both grounds should 
be connected together near the comparator. 




Pin Configuration 



°E 



NcfT 

LATCH ENABLEfT 
NcfT 

-vfT 



PIN 5 CONNECTED TO CASE 
TOP VIEW 



"i6]gROUND2 

"isInc 
jIJnc 
jsJnc 

"TFIq OUTPUT 

jT]q OUTPUT 



"ipjlM 

3" 



O OUTPUT fT ■ 

qoutput[T ■ 

GROUNpfT 

G 
E 

d 

NGI— 
'UTI 7 ■ 

(T. 



LATCH ENABLE 



LATCH ENABLE 



NONINVERTING I 



^. 




jTjo OUTPUT 
Til 5 OUTPUT 
jTJGROUND 
jT) LATCH ENABLE 
I2I LATCH ENABLE 

lT]v+ 



AD9685BH 



AD9685BD 



AD9687BD 



SYSTEM TIMING DIAGRAM 



DIFFERENTIAL 

INPUT 

VOLTAGE 




ts - Minimum Setup Time 

tH - Minimum Hold Time 

tpD - Input-to-Output Delay 

tpD(E) - LATCH ENABLE to Output Delay 

tpw(E) - Minimum LATCH ENABLE Pulse Widtii 

Vos - Input Offset Voltage 

VoD - Overdrive Voltage 
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DIE LAYOUT AND MECHANICAL INFORMATION 



V+ GROUND 1 GROUND 2 



CDq 
01 IE 



NONINVERTING 
INPUT 




AD9685 



INV INPUTr 



NONINV INPUT- 



NONINV INPUT- 




7^ 



LATCH LATCH 

ENABLE ENABLE 



019B5 
RDI 



Q OUTPUT 
GROUND 



AD9687 



Die Dimensions 


AD9685 




54x50xl5(±2)mils 




AD9687 




84x62xl5(±2)mils 


Pad Dimensions 






4x4mils 


Metalization 






lOjOOOA, Aluminum 


Backing 






None 


Substrate Potential 






-Vs 


Passivation 






10,000A, Nitride 


Die Attach 






GoldEutectic 


Bond Wire 


1 .25 mil, Aluminum, Ultrasonic Bonding 






or 1 mil 


Gold, Gold Ball Bonding 



3-12 COMPARATORS 




ANALOG 
DEVICES 



High-Speed 
TTL Voltage Comparator 



AD9686 



FEATURES 

7ns Propagation Delay 

Complementary TTL Outputs 

85dB CMRR 

+ 5V, -6V Supply Voltages 

APPLICATIONS 
High-Speed Triggers 
High-Speed Line Receivers 
Peak Detectors 
Threshold Detectors 



AD9686 FUNCTIONAL BLOCK DIAGRAM 



NONINVERTING INPUT O 



INVERTING INPUT O 



LATCH ENABLE O 




O Q OUTPUT 



O Q OUTPUT 



GENERAL DESCRIPTION 

The AD9686 is a high-speed voltage comparator with com- 
plementary TTL outputs. The AD9686 is manufactured in a 
high-perfonnance bipolar process which provides an excellent 
match between high-speed ac switching and dc accuracy. The 
AD9686 operates with a propagation delay of only 7ns. 

The AD9686 incorporates a Latch Enable control Une providing 
operation in either a sample-hold mode or a track-hold mode. 
The Latch Enable setup times are less than 2ns which allows 
very high-speed voltage sampling. 

The precision differential input stage has less than 2mV of 
offset voltage and requires an input bias current of only 4jjlA. 
This combined with the 85dB common-mode rejection ratio, 
makes the AD9686 especially well suited for high-speed analog 
signal processing. 

The AD%86 is offered as both an industrial temperature range 
device, - 25°C to + 85°C, and as an extended temperature range 
device, - 55^ to + 125°C. Both versions are available packaged 
in a TO- 100 metal can and in a ceramic DIP. The extended 
temperature range device is also available in a ceramic LCC 
package. 



ORDERING INFORMATION 









Package 


Device 


Temperature Range 


Description 


Options* 


AD9686BH 


-25°Cto+85°C 


10-Pin Can, Industrial 


H-lOA 


AD9686BQ 


-25°Cto+85°C 


16-Pin DIP, Industrial 


Q-16 


AD9686TE 


-55Xto+125X 


20-Pin LCC, Extended Temperature 


E-20A 


AD9686TH 


-55°Cto + 125X 


10-Pin Can, Extended Temperature 


H-lOA 


AD9686TQ 


-55Xto+125°C 


16-Pin DIP, Extended Temperature 


Q-16 



*See Section 16 for package outline information. 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS^ 

Positive Supply Voltage ( + Vs) +7V 

Negative Supply Voltage ( - Vs) - 7V 

Input Voltage Range^ ± 5V 

Differential Input Voltage 6.0V 

Latch Enable Voltage OV to +Vs 

Output Current Sourcing 4mA 

Sinking 14mA 



Power Dissipation 600mW 

Operating Temperature Range^ 

AD9686BH/BQ -25°Cto +85°C 

AD9686TE/TH/TQ -55°Cto + 125X 

Storage Temperature Range -65°Cto + 150°C 

Junction Temperature + 175°C 

Lead Soldering Temperature (lOsec) +300°C 



ELECTRICAL CHARACTERISTICS (Supply voltages = ~6.0Vand+5.0V,unlessothenvisestated) 









Industrial 




Military 








Ma'* 




-25°Cto+85°C 


-55°Cto+125X 






Sub 




AD9686BH/BQ 


AD9686TE/TH/TQ 




Parameter 


Group 


Temp 


Min Typ 


Max 


Min Typ 


Max 


Units 


INPUT CHARACTERISTICS 
















Input Offset Voltage^ 


1 


+ 25°C 


1.0 


2.0 


1.0 


2.0 


mV 




2,3 


Full 




3.0 




3.0 


mV 


Input Offset Drift 




Full 


10 




10 




M^vrc 


Input Bias Current 


1 


+ 25°C 


4 


10 


4 


10 


jjlA 




2,3 


Full 




13 




13 


piA 


Input Offset Current 


1 


+ 25°C 


0.4 


1.0 


0.4 


1.0 


^lA 




2,3 


Full 




1.3 




1.3 


^.A 


Input Resistance 




+ 25°C 


100 




100 




ka 


Input Capacitance 




+ 25''C 


3 




3 




pF 


Input Voltage Range 


1,2,3 


Full 


-3.3 


+ 4.5 


-3.3 


+ 4.5 


V 


Common-Mode Rejection Ratio 




Full 


85 




85 




dB 


ENABLE INPUT 
















Logic"!" Voltage 


!,2,3 


Full 




2.0 




2.0 


V 


Logic "0" Voltage 


1,2,3 


Full 


0.8 




0.8 




V 


Logic"!" Current 


1,2,3 


Full 




100 




100 


jxA 


Logic "0" Current 


1,2,3 


Full 




100 




100 


^A 


DIGITAL OUTPUTS 
















Logic "!" Voltage (Source ImA) 


1,2,3 


Full 


2.4 3.5 




2.4 3.5 




V 


Logic "0" Voltage (Sink lOmA) 


1,2,3 


Full 


0.3 


0.4 


0.3 


0.4 


V 


SWITCHINGPERFORMANCE 
















Propagation Delays 
















Input to Output HIGH 




+ 25''C 


7 




7 




ns 


Input to Output LOW 




+ 25°C 


7 




7 




ns 


Latcli Enable to Output HIGH 




+ 25°C 


7 




7 




ns 


Latch Enable to Output LOW 




. + 25°C 


7 




7 




ns 


Delta Delay Between Outputs 




+ 25°C 


2 




2 




ns 


Latch Enable 
















Minimum Pulse Width 


12 


+ 25°C 


2 


3 


2 


3 


ns 


Minimum Setup Time 


12 


+ 25°C 


! 


2 


1 


2 


ns 


Minimum Hold Time 


12 


+ 25''C 


1 


2 


1 


2 


ns 


POWER SUPPLY^ 
















Positive Supply Current ( + 5 .OV) 


1,2,3 


Full 


30 


35 


30 


35 


mA 


Negative Supply Current ( - 6.0V) 


1,2,3 


Full 


26 


32 


26 


32 


mA 


Power Supply Rejection Ratio^ 




Full 


65 




65 




dB 



NOTES 

'Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

^Under no circumstances should the input voltages exceed the supply 
voltages. 
'Typical thermal impedance . . . 

AD9686 Metal Can e,A = 172°C/W; Ojc = 52°C/W 

AD9686 Ceramic Oja = 1 15°C/W; Ojc = 57°C/W 

AD9686 LCC Oja = 102°C/W; Ojc = 45°C/W 



^Military subgroups apply to miUtary qualified devices only. 

5Rs=100a 

^Supply voltage should remain stable within ± 5% for normal operation. 

^Measured at ±5% of +Vs and -Vg. 

Specifications subject to change without notice. 
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EXPLANATION OF GROUP A MILITARY SUBGROUPS 

Subgroup 1 -Static tests at +25°C. Subgroup 5 - Dynamic tests at max rated oper. temp. Subgroup 9 -Switching tests at +25°C. 

Subgroup 2 -Static tests at max rated oper. temp. Subgroup 6 -Dynamic tests at min rated oper. temp. Subgroup 10 -Switching tests at max rated oper. temp. 

Subgroup 3 - Static tests at min rated oper. temp. Subgroup 7 - Functional tests at + 25°C. Subgroup 1 1 - Switching tests at min rated oper, temp. 

Subgroup 4 - Dynamic tests at + 25°C. Subgroup 8 - Functional tests at max and min rated Subgroup 1 2 - Periodically sample tested. 

oper. temp. 



FUNCTIONAL DESCRIPTION 



PIN NAME 

+ Vs 

NONINVERTING INPUT 

INVERTING INPUT 

-Vs 

LATCH ENABLE 



GROUND 
Q OUTPUT 

Q OUTPUT 



NC 



DESCRIPTION 

- Positive supply terminal, nominally +5.0V. 

- Noninverting analog input of the differential input stage. The NONINVERTING INPUT must 
be driven in conjunction with the INVERTING INPUT. 

- Inverting analog input of the differential input stage. The INVERTING INPUT must be driven 
in conjunction with the NONINVERTING INPUT. 

- Negative supply terminal, nominally -6.0V. 

- In the "compare" mode (logic LOW), the output will track changes at the input of the comparator. 
In the "latch" mode (logic HIGH), the output will reflect the input state just prior to the comparator 
being placed in the "latch" mode. 

- Analog and digital ground. 

- One of two complementary outputs. Q will be at logic HIGH if the analog voltage at the NON- 
INVERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided 
the comparator is in the "compare" mode). See LATCH ENABLE for additional information. 

- One of two complementary outputs. Q will be at logic LOW if the analog voltage at the NONIN- 
VERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided the 
comparator is in the "compare" mode). See LATCH ENABLE for additional information. 

- "NO CONNECT" pins are not internally connected. 



PINOUT CONFIGURATIONS 



NONINVERTING 
INPUT 




( 7} GROUND 
NC = NO CONNECT LATCH ENABLE 



TO-lOO 
10-Pin Can 



NCJT" 
Ncfl" 

RTiNG nr . 

INPUT I 

^TiNG rr" 

INPUT I 

Vs-[T 

Ncpr 

NC fT" 




AD9686 

TOP VIEW 

(Not to Scale) 



IsJnc 
j7]nc 

"14] Q OUTPUT 

"13] Q OUTPUT 

17) GROUND 

TTI LATCH 
1 ENABLE 

jo]nc 
T]nc 



NC = NO CONNECT 

16-Pin DIP 



NONINVERTING 5 I 
INPUT f 
NC 6 



Z Z 2 2 2 




18 Q OUTPUT 
I 17 Q OUTPUT 

16 NC 
, 15 GROUND 



10 11 12 13 
NC = NO CONNECT Z 2 2 2 Z 



20-Pin LCC 



SYSTEM TIMING DIAGRAM 



DIFFERENTIAL 

INPUT 

VOLTAGE 




ts - Minimum Setup Time 

tH - Minimum Hold Time 

tpD - Input to Output Delay 

tpD(E) - LATCH ENABLE to Output Delay 

tpw(E) - Minimum LATCH ENABLE Pulse Width 

Vos - Input Offset Voltage 

VoD - Overdrive Voltage 

AtpD - Delta Delay Between Complementary Outputs 



-H l*-AtpD 
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DIE LAYOUT AND MECHANICAL INFORMATION 




I^^Q OUTPUT 



Die Dimensions 59 x 50 x 18 (max) mils 

Pad Dimensions 4x4 mils 

Metalization Aluminum 

Backing None 

Substrate Potential - Vs 

Passivation Oxynitride 

Die Attach Gold Eutectic 

Bond Wire 1.25 mil, Aluminum; Ultrasonic Bonding 

or Imil, Gold; Gold Ball Bonding 
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ANALOG 
DEVICES 



Ultrafast Comparators 



AD96685/AD96687 



FEATURES 

2.5ns Propagation Delay 

0.5ns Latch Setup Time 

90dB Ciy/IRR 

+ 5V, -5.2V Supply Voltages 

APPLICATIONS 
High-Speed Triggers 
High-Speed Line Receivers 
Peak Detectors 
Threshold Detectors 



GENERAL DESCRIPTION 

The AD96685 and the AD96687 are ultrafast voltage comparators. 
The AD96685 and the AD96687 are manufactured in a high- 
performance bipolar process which allows improved speed and 
dc accuracy. The AD96685 is a single comparator with a 2.5ns 
propagation delay, 50ps dispersion, and the AD96687 is an 
equally fast dual comparator. 

Both devices employ a high-precision differential input stage 
with a common-mode range from - 2.5V to + 5.0V. The AD96685 
and the AD96687 provide complementary digital outputs which 
are fully ECL compatible. The output stage is capable of driving 
50n terminated transmission lines given the 30mA output drive 
capacity. In addition to this, a latch enable input is provided, 
allowing operation in either a sample-hold mode or a track-hold 
mode. 

The AD96685 and the AD96687 are both available as an industrial 
temperature range device, - 25°C to + 85°C, and as an extended 
temperature range device, -55°C to + 125°C. The AD96685 is 
available in a 10-pin TO- 100 metal can, and a 16-pin ceramic 
package. The AD96687 is available in a 16-pin ceramic package. 
Both comparators are also available in an extended temperature 
range LCC package. 



AD96685/AD96687 FUNCTIONAL BLOCK DIAGRAMS 






-O Q OUTPUT 
—OQ OUTPUT 



LATCH ENABLE 



AD96685 






©OUTPUT QOUTPUT 



s: 



Fi 



LATCH ENABLE 



LATCH ENABLE 



THE OUTPUTS ARE OPEN EMITTERS, REQUIRING EXTERNAL 
PULL-DOWN RESISTORS THESE RESISTORS MAY BE IN THE 
RANGEOFS0Il-200nCONNECTEDTO -2 OV, OR200fl-2000a 
CONNECTED TO -5 2V. 



AD96687 



ORDERING INFORMATION 











Package 


Device 


Type 


Temperature Range 


Description 


Options* 


AD96685BH 


Single 


-25°Cto+85°C 


10-Pin Can, Industrial 


H-lOA 


AD96685BQ 


Single 


-25Xto+85°C 


16-Pin Cerdip, Industrial 


Q-16 


AD96685TE 


Single 


-55Xto+125°C 


20-Pin LCC, Extended Temperature 


E-20A 


AD96685TH 


Single 


-55°Cto + 125°C 


10-Pin Can, Extended Temperature 


H-lOA 


AD96685TQ 


Single 


-55°Cto + 125°C 


16-Pin Cerdip, Extended Temperature 


Q-16 


AD96687BQ 


Dual 


-25°Cto+85X 


16-Pin Cerdip, Industrial 


Q-16 


AD96687TE 


Dual 


-55Xto+125X 


20-Pin LCC, Extended Temperature 


E-20A 


AD96687TQ 


Dual 


-55°Cto + 125°C 


16-Pin Cerdip, Extended Temperature 


Q-16 



*See Section 16 for package outline information. 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS^ 

Positive Supply Voltage ( + Vs) +6.5V 

Negative Supply Voltage (- Vs) -6.5V 

Input Voltage Range^ ± 5V 

Differential Input Voltage 5.5V 

Latch Enable Voltage - Vs to OV 

Output Current 30mA 

Power Dissipation AD96685 500mW 

AD96687 : . . 600mW 



Operating Temperature Range^ 

AD96685/87/BH/BQ -25°Cto +85°C 

AD96685/87/TE/TH/TQ -55°Cto +125°C 

Storage Temperature Range -55°Cto + 150°C 

Junction Temperature + 175°C 

Lead Soldering Temperature (lOsec) +300°C 



tLtblKIUHLbnAKA 


bicn 


I5III 


l#d (Positive Supply Voltage = + 5.0V; Negative Supply Voltage = - 


- 5.2V, unless othei¥rise stated) 




Mil" 
Sub 




Industrial Temp. Range -25»C to +85X 


Military Temp. Range -55°C to +125''C 






AD96685BH/BQ 


AD96687BQ 


AD96685TE/TH/TQ 


AD96687TE/TQ 




Parameter 


Group 


Temp 


Min Typ Max 


Min Typ Max 


Min Typ Max 


Min Typ Max 


Units 


INPUT CHARACTERISTICS 
















Input Offset Voltage^ 


1 


+ 25°C 


1 2 


1 2 


1 2 


1 2 


mV 




2,3 


Full 


3 


3 


3 


3 


mV 


Input Offset Drift 




Full 


20 


20 


20 


20 


|jlV/°C 


Input Bias Current 


1 


+ 25X 


7 10 


7 10 


7 10 


7 10 


fxA 




2,3 


Full 


13 


13 


13 


13 


ixA 


Input Offset Current 


1 


+ 25°C 


0.1 1.0 


0.1 1.0 


0.1 1.0 


0.1 1.0 


^.A 




2,3 


Full 


1.2 


1.2 


1.2 


1.2 


ixA 


Input Resistance 




+ 25°C 


200 


200 


200 


200 


kn 


Input Capacitance 




+ 25°C 


2 


2 


2 


2 


pF 


Input Voltage Range^ 


1,2,3 


Full 


-2.5 +5.0 


-2.5 +5.0 


-2.5 +5.0 


-2.5 +5.0 


V 


Common-Mode Rejection Ratio 


1,2,3 


Full 


80 90 


80 90 


80 90 


80 90 


dB 


ENABLE INPUT 
















Logic "1" Voltage 


1,2,3 


Full 


-1.1 


-1.1 


-1.1 


-1.1 


V 


Logic "0" Voltage 


1,2,3 


Full 


-1.5 


-1.5 


-1.5 


-1.5 


V 


Logic "1" Current 


1,2,3 


Full 


40 


40 


40 


40 


fJLA 


Logic "0" Current 


1,2,3 


Full 


5 


5 


5 


5 


y.A 


DIGITAL OUTPUTS^ 
















Logic "1" Voltage 


1,2,3 


Full 


-1 1 


-1.1 


-1.1 


-1.1 


V 


Logic "0" Voltage 


1,2,3 


Full 


-1.5 


-1.5 


-1.5 


-1.5 


V 


SWITCHING PERFORMANCE^ 
















Propagation Delays^ 
















Input to Output HIGH 


9 


+ 25°C 


2.5 3.5 


2.5 3.5 


2.5 3.5 


2.5 3.5 


ns 


Input to Output LOW 


9 


+ 25°C 


2.5 3.5 


2.5 3.5 


2.5 3.5 


2.5 3.5 


ns 


Latch Enable to Output HIGH 


9 


+ 25°C 


2.5 3.5 


2.5 3.5 


2.5 3.5 


2.5 3.5 


ns 


Latch Enable to Output LOW 


9 


+ 25°C 


2.5 3.5 


2.5 3.5 


2.5 3.5 


2.5 3.5 


ns 


Dispersion' 




+ 25°C 


, 50 


50 


50 


50 


ps 


Latch Enable 
















Mimmum Pulse Width 


12 


+ 25°C 


10 3.0 


2.0 3.0 


2.0 3.0 


2.0 3.0 


ns 


Minimum Setup Time 


12 


+ 25°C 


0.5 1.0 


0.5 1.0 


0.5 1.0 


0.5 1.0 


ns 


Minimum Hold Time 


12 


+ 25°C 


0.5 1.0 


0.5 1.0 


0.5 1.0 


0.5 1.0 


ns 


POWER SUPPLY'<^ 
















Positive Supply Current ( + 5.0V) 


1,2,3 


Full 


8 9 


15 18 


8 9 


15 18 


mA 


Negative Supply Current ( - 5.2V) 


1,2,3 


Full 


15 18 


31 36 


15 18 


31 36 


mA 


Power Supply Rejection Ratio' ' 


1,2,3 


Full 


60 70 


60 70 


60 70 


60 70 


dB 



NOTES 
'Absolute maximum ratings are limiting values, to be applied individually, 

and beyond which serviceability of the circuit may be impaired. Functional 

operation under any of these conditions is not necessarily implied. 

Exposure to absolute maximum rating conditions for extended periods may 

affect device reliability. 
^Under no circumstances should the input voltages exceed the supply 

voltages. 
^Typical thermal impedances . . . 

AD96685 Metal Can 0,3 = 1 72°C/W, 6,^ = 52°C/W 

AD96685 Ceramic e,a = 1 15°C/W; e,c = 57°C/W 



AD96685 LCC e,a - 1 72°C/W; 6,^ = eS^C/W 

AD96687 Ceramic 8,a = 1 1 5°C/W; 6,^ = 57°C/W 

AD96687 LCC e,a = 82°C/W; 6,^ = 3 rC/W 

'•Military subgroups apply to military qualified components only. 

^Rs=ioon. 

^Input Voltage Range can be extended to -3.3V if -Vs= -6.0V. 

''Outputs terminated through 50ft to - 2.0V. 

^Propagation delays measured with lOOmV pulst (lOmV overdrive), to 

50% transition point of the output. 

'Change in propagation Delay from lOOmV to IV input overdrive. 
"'Supply voltages should remain stable within ± 5% for normal operation. 
"Measured at ±5% of +Vs and -Vs. 

Specifications subject to change without notice. 



EXPLANATION OF GROUP A MILITARY SUBGROUPS 

Subgroup 1 -Static tests at +25°C. Subgroup 5 -Dynamic tests at max rated oper. temp. Subgroup 9 -Switching tests at +25°C. 

Subgroup 2 - Static tests at max rated oper. temp. Subgroup 6- Dynamic tests at min r^ted oper. temp. Subgroup 10- Switching tests at max rated oper. temp. 

Subgroup 3 -Static tests at min rated oper. temp. Subgroup 7 -Functional tests at +25°C. Subgroup 11 -Switching tests at min rated oper. temp. 

Subgroup 4 - Dynamic tests at + 25°C . Subgroup 8 - Fimctional tests at max and min rated Subgroup 1 2 - Periodically sample tested . 

oper. temp. 
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FUNCTIONAL DESCRIPTION 



PIN NAME 



DESCRIPTION 



+ Vs 

NONINVERTING INPUT 

INVERTING INPUT 

LATCH ENABLE 



LATCH ENABLE 



GROUND 1 
GROUND 2 



-Positive supply terminal, nominally +5.0V. 

- Nonin verting analog input of the differential input stage. The NONINVERTING INPUT must 
be driven in conjunction with the INVERTING INPUT. 

- Inverting analog input of the differential input stage. The INVERTING INPUT must be driven 
in conjunction with the NONINVERTING INPUT. 

- In the "compare" mode (logic HIGH), the output will track changes at the input of the comparator. 
In the "latch" mode (logic LOW), the output will refle ct the input state just prior to the comparator 
being placed in the "latch" mode. LATCH ENABLE must be driven in conjunction with LATCH 
ENABLE for the AD96687. 

- In the "compare" mode (logic LOW), the output will track changes at the input of the comparator. 
In the "latch" mode (logic HIGH), the output will reflect the input state just prior to the comparator 
being placed in the "latch" mode. LATCH ENABLE must be driven in conjunction with 
LATCH ENABLE for the AD96687. 

-Negative supply terminal, nominally -5.2V. 

- One of two complementary outputs. Q will be at logic HIGH if the analog voltage at the NON- 
INVERTING INPUT, is greater than the analog voltage at the INV ERTING INPUT (p rovided 
the comparator is in the "compare" mode). See LATCH ENABLE and LATCH ENABLE (AD96687 
only) for additional information. _ 

- One of two complementary outputs. Q will be at logic LOW if the analog voltage at the NONIN- 
VERTING INPUT is greater than the analog voltage at the INVER TING INPUT (pro vided the 
comparator is in the "compare" mode). See LATCH ENABLE and LATCH ENABLE (AD96687 
only) for additional information. 

- One of two grounds, but primarily associated with the digital ground. Both grounds should be 
connected together near the comparator. 

- One of two grounds, but primarily associated with the analog ground. Both grounds should be 
connected together near the comparator. 



PIN DESIGNATIONS 



GROUND 1 QT 

Vs+ (T 
■RTING 
INPUT 



NONINVERTING rT 

rLJ- 



INVERTING f 
INPUT L 



LATCH ENABLE [T 
NcfT 



"V>^ 



"is] GROUND 2 
jT] NC 
ITj NC 

Ta] Q OUTPUT 
"iT] Q OUTPUT 
lo] NC 
T] NC 




mmmrara 



NONINVERTING INPUT ^ 
INVERTING INPUT [T 



LATCH ENABLE 



LATCH ENABLE 



AD96685BQ/TQ 
TOP VIEW 



(PIN 5 CONNECTED TO CASE) 

AD96685BH/TH 
TOP VIEW 



Q OUTPUT ^T_ 

Q OUTPUT [T 

GROUND fT" 

LATCH ENABLE fT" 

LATCH ENABLE [T 

V.-E 

INVERTING INPUT fT" 
NONINVERTING INPUT jT" 



-\y 



AD96687 

TOP VIEW 

(Not to Scale) 



Te] Q OUTPUT 

"iTj Q OUTPUT 

"i7| GROUND 

^Pj^ LATCH ENABLE 

"JTI LATCH ENABLE 

TT) Vs + 

lo] INVERTING INPUT 

T^ NONINVERTING INPUT 



5 ^ 5 5 
S S o ° ° 

lO O z O lO 

mmmRR 



GROUND [T 

LATCH ENABLE [T 

Nc(T 

LATCH ENABLE [7 

Vs-jT 



AD96687 
TOP VIEW 
(Not to Scale) 



AD96687BQ/TQ 
TOP VIEW 
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AD96685 
TOP VIEW 
(Not to Scale) 



UJHliJLdbiJ 

i ;» ^ i ^ 

AD96685TE 
TOP VIEW 



li] NC 
it] NC 

isJnc 

is] Q OUTPUT 
14] O OUTPUT 



isj ground 
17] latch enable 
ibJnc 

isj LATCH ENABLE 
i4]Vs+ 



AD96687TE 
TOP VIEW 
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SYSTEM TIMING DIAGRAM 



LATCH 
ENABLE 



\ 



■Piz 



DIFFERENTIAL 

INPUT 

VOLTAGE 



is ' 

JL— VoD ' 



1 
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ts - Minimum Setup Time 

tH ~ Minimum Hold Time 

tpD - Input to Output Delay 

tpD(E) - LATCH ENABLE to Output Delay 

tpw(E) ~ Minimum LATCH ENABLE Pulse Width 

Vos - Input Offset Voltage 

VoD - Overdrive Voltage 



NONINVERTING _ 
INPUT 



INVERTING _ 
INPUT 



DIE LAYOUT AND MECHANICAL INFORMATION 

D 1 GROUND 2 




Die Dimensions 
Pad Dimensions 
Metalization 

" ^ Backing 

Substrate Potential 
Passivation 
Die Attach 

- Q Bond Wire 



AD96685 44x50x 15(±2)mils 

4x4mils 

Aluminum 

None 

-Vs 

Oxynitride 

Gold Eutectic 

1 .25 mil, Almninum; Ultrasonic Bonding 

or Imil, Gold, Gold Ball Bonding 



LATCH ENABLE 



LATCH ENABLE LATCH ENABLE 

\ / 



NONINVERTING 
INPUT 




NONINVERTING 
INPUT 



Die Dimensions 
Pad Dimensions 
Metalization 
Backing 

Substrate Potential 
Passivation 
Die Attach 
Bond Wire 



AD96687 77 x 60 x 15 ( ± 2) mils 

4x4mils 

Aluminum 

None 

-Vs 

Oxynitride 

Gold Eutectic 

1 .25 mil, Aluminum; Ultrasonic Bonding 

or Imil, Gold, Gold Ball Bonding 



LATCH ENABLE LATCH ENABLE 
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APPLICATIONS INFORMATION 

The AD96685/87 comparators are very high-speed devices. 
Consequently, high-speed design techniques must be employed 
to achieve the best performance. The most critical aspect of any 
AD96685/87 design is the use of a low impedance ground plane. 

Another area of particular importance is power supply decoupling. 
Normally, both power supply connections should be separately 
decoupled to ground through 0.1 ^.F ceramic and 0.001 )jlF mica 
capacitors. The basic design of comparator circuits makes the 
negative supply somewhat more sensitive to variations. As a 
result more attention should be placed on insuring a "clean'* 
negative supply. 

The LATCH ENABLE input is active LOW (latched). If the 
latching function is not used, the LATCH ENABLE input 
should be grounded (ground is an ECL logic HIGH). Hie 
LATCH ENABLE input of the AD96687 should be tied to 
- 2.0V or left "floating**, to disable the latching function. An 
alternate use of the LATCH ENABLE input is as a hysteresis 
control input. By varying the voltage at the LATCH ENABLE 
input for the AD96685 and the differential voltage between both 
latch inputs for the AD96687, small variations in the hysteresis 
can be achieved. 



Occasionally, one of the two comparator stages within the AD96687 
will not be used. The inputs of the unused comparator should 
not be allowed to "float**. The high internal gain may cause the 
output to oscillate (possibly affecting the other comparator which 
is being used) unless the output is forced into a fixed state. This 
is easily accomplished by insuring that the two inputs are at 
least one diode drop apart, while also grounding flie LATCH 
ENABLE input. 

The best performance will be achieved with the use of proper 
ECL terminations. The open-emitter outputs of the AD96685/87 
are designed to be terminated through SOH resistors to - 2.0V, 
or any other equivalent ECL termination. If high-speed ECL 
signals must be routed more than a few centimeters, MicroStrip 
or StripLine techniques may be required to insure proper transition 
times and prevent output ringing. 

The AD%68S/87 have been specifically designed to reduce 
propagation delay dispersion over an input overdrive range of 
lOOmV to IV. Propagation delay dispersion is the change in 
propagation delay which results from a change in the degree of 
overdrive (how far the switching point is exceeded by the input). 
The overall result is a higher degree of timing accuracy since 
the AD96685/87 is far less sensitive to input variations than 
most comparator < 
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Typical Applications 



HIGH-SPEED SAMPLING CIRCUIT 



AD96685/87 



V,N O- 



VrefO- 
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INPUT O 
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HIGH-SPEED WINDOW COMPARATOR 
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Selection Guide 

Instrumentation Amplifiers 





Model 


Offset 
Voltage 


Offset 
Drift 

ixvrc 


Bias 

Current 

nA 


GBWP 
MHz 


Gain Ranges 


Page 


Notes 


AD365 
AD521 
AD522 
AD524 


200 

1000 

100 

50 


2 
2 
2 
0.5 


50 
40 
25 
15 


20 
40 
0.3 

25 


1,10,100,500 
0.1-10000 
1 - 1000 
1,10,100,1000 


4-7 
4-15 
4-21 
4-25 


Digitally programmable, w/T/H 
Resistor programmable 
Resistor programmable 
Pin programmable 


AD526 

AD624 
AD625 


250 

25 
25 


0.25 
0.25 


0.15 

15 
15 


6 

25 
25 


1,2,4,8,16 

1,100,200,500,1000 
1-10000 


4-37 

4-49 
4-61 


Digitally programmable, |jlP interface, 

single-ended 
Pin programmable 
Resistor programmable, low cost 
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Orientation 

Instrumentation Amplifiers 



An instrumentation amplifier is a committed "gain bloQk" that 
measures the difference between the voltages existing at its two 
input terminals, amplifies it by a precisely set gain - usually 
from IV/V to lOOOV/V or more - causes the result to appear 
between a pair of terminals in the output circuit. Referring to 
Figure 1, 

Vs - Vr = G (V^ - V-) 

An ideal differential instrumentation amplifier responds only to 
the difference between the input voltages. If the input voltages 
are equal (V^ = V~ = ^cnh the common-mode voltage), the 
output of the ideal instrumentation amplifier will be zero. 




Rfi. Rf2. Rg ARE EXTERNAL GAIN-SETTING RESISTORS 

An amplifier circuit which is optimized for performance as an 
instrumentation amplifier gain block has high input impedance, 
low offset and drift, low nonlinearity, stable gain and low effective 
output impedance. It is commonly used for applications which 
capitalize on these advantages. Examples include: transducer 
amplification - for thermocouples, strain-gage bridges, current 
shunts and biological probes; preamplification of small differential 
signals superimposed on high common-mode voltages, signal 
conditioning and (moderate) isolation for data acquisition; and 
signal translation for differential and single-ended signals wherever 
the common "ground" is noisy or of questionable integrity. 

Single-ended software-programmable gain amplifiers, such as 
the AD526, with fixed binary gains of 1, 2, 4, 8, etc., are often 
listed with instrumentation amplifiers. They are used in systems 
having a "clean" signal ground to provide appropriate amounts 
of digitally controlled gain to normaUze the level of the output 
signal to correspond to a large fraction of the input range of an 
A/D converter; they can thus be used as components of a floating- 
point A/D conversion system to preserve accuracy over a wide 
dynamic range. See also "Data- Acquisition Subsystems" in the 
Data Conversion Products Databook. 

Instrumentation amplifiers are usually chosen in preference to 
user-assembled op-amp circuitry because they offer optimized, 
specified performance in low-cost, easy-to-use, compact packages. 
If the application calls for high common-mode voltages (typically, 
voltages in excess of the amplifier supply voltage), or if isolation 
impedances must be very high (e.g., 10 ^^11, with galvanic isolation, 
as in medical and industrial applications), the designer should 
consider an isolation amplifier. 

NOTES 

^Application Note: *'A User's Guide to IC Instrumentation Amplifiers," 

by J. Riskin, available upon request. 
^Transducer Interfacing Handbooky D.H. Sheingold, ed., 1980. $14.50, 

Analog Devices, Inc., P.O. Box 796, Norwood, MA 02062 



SPECIFYING INSTRUMENTATION AMPLIFIERS 

The instrumentation amplifier chosen for a given application 
will be the lowest cost device that satisfies the performance and 
environmental requirements. In addition to the products listed 
here, which are recommended for new designs, a number of 
older products are still available; data sheets are available upon 
request. It is essential that the designer have a firm understanding 
of the specifications of instrumentation amplifiers and of the 
contributions of the various sources of error to the total error. 
The data sheets provide much useful application data on these 
devices, as well as examples of basic error analyses. 

Definitions of the key specifications follow a brief discussion of 
instrumentation-amplifier architectures. For more complete 
information on the fundamentals and applications of instrumen- 
tation amplifiers, a number of publications are available from 
Analog Devices. ^'^ 

INSTRUMENTATION AMPLIFIER ARCHITECTURE 

Basic Analog Devices instrumentation amplifiers have two high- 
impedance input terminals, a set of terminals for gain program- 
ming, an "output" terminal and a pair of feedback terminals, 
labeled sense and reference, as well as terminals for power supply 
and offset trim. Gain is programmable in three ways: 

• The gain of basic amplifiers, such as the AD521, AD522 
and AD625, is established by connecting resistors externally. 
Such circuits are generally used for dedicated fixed-gain 
apphcations. 

• Pin-programmable amplifiers, such as the AD524 and AD624, 
have a set of internal resistors; a limited set of fixed gains in 
the range of 1 to 1,000 are chosen by appropriately intercon- 
necting the resistors via external pins. The connections can be 
fixed or switched via DIP switches or reed relays (if CMOS 
switches are used, the on resistance of the switches must be 
considered in series with the internal gain resistors). 

• Digitally (or "software-") programmable amplifiers are com- 
pletely self-contained, with gains set by a 2-, 3- or 4-bit digital 
control word. These devices include the AD365 (with gains of 
1, 10, 100, 500) and the AD526 (with binary gains of 1-16, 
cascadable to 256). 

Except for the AD521, the differential input amplifiers use 
variations of the well known three-op-amp configuration, con- 
sisting of a differential input-output gain stage and a subtractor 
stage. Gain (<^1V/V) is set by the choice of a single gain-setting 
resistor, Rq. When the sense (Vs) feedback terminal is connected 
to the output terminal, and the reference terminal (Vr) is connected 
to power common, the output voltage appears between the 
output terminal and power common. 

The Vs and Vr terminals may be used for remote sensing - to 
establish precise outputs in the presence of line drops; they may 
be used with an inside-the-loop booster follower to obtain power 
amplification without loss of accuracy; and they may be used to 
estabhsh an output current that is precisely proportional to the 
difference signal. A voltage applied to the Vr terminal will bias 
the output by a predetermined amount. It is important always 
to maintain very low impedance (in relation to the specified Vs 
and Vr input impedances) when driving the Vs and Vr inputs, 
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in order not to introduce common-mode, gain, and/or offset 
errors. In devices using the 3-amplifier configuration, the Vr 
terminal is sometimes used for "tweaking" common-mode 
rejection. 

SPECIFICATIONS 

Specification tables are generally headed by the legend: "specifi- 
cations are typical at Vs = ± 15V, Rl = 2kn, and Ta = +25°C, 
unless otherwise specified." This tells the user that these are the 
normal operating conditions under which the device is tested. 
Deviations from these conditions might degrade (or improve) 
performance. When deviations from the "normal" conditions 
are likely (such as a change in temperature), the significant 
effects are usually indicated within the specs. "Typical" means 
that the manufacturer's characterization process has shown this 
number to be in the middle of a distribution. 

Specifications not discussed in detail are self-explanatory and 
require only a basic knowledge of electronic measurements. 
Such specs are not uniquely applicable to instrumentation amps. 

GAIN: These specifications refer to the linear transfer function 
of the device; for example, the AD524 gain equation is: 

G=i+4MO0v/V 

The value of Rq for a given gain value is: 

^ _ 40,000 ^ 

For example, if G is to be 200V/V, 
Rg = 201 ohms. 



Gain Range: Specified at 1 to 1,000, for example, resistor- 
programmable devices may work at higher gains (IV/V is 
minimum, except for the AD521), but the manufacturer does 
not specify performance outside the range. In practice, noise 
and drift may make higher gains impractical for a given device. 

Equation Error (or "Gain Accuracy"): The number given by this 
specification describes deviation from the gain equation when 
Rg is at its nominal value. The user can trim the gain or compensate 
for gain error elsewhere in the overall system. Systems using 
microprocessors (or computers, or other digital "intelligence") 
can be made self-calibrating, to take into account the lumped 
gain errors of all the stages in the analog portion of the system, 
from transducer to A/D converter. 

Nonlinearity (or Gain Nonlinearity): Nonlinearity is defined as 
the deviation from a straight line on the plot of output vs. input. 
The magnitude of linearity error is the maximum deviation from 
a "best-straight line," with the output swinging through its full- 
scale range. Nonlinearity is usually specified in percent of full-scale 
output range. 



Gain vs. Temperature: These numbers give the deviations from 
the gain equation as a function of temperature. 

SETTLING TIME is defined as that length of time required 
for the output voltage to approach and remain within a certain 
(±) tolerance of its final value. It is usually specified for a fast 
step that will drive the output through its full-scale range, and 
it includes slewing time. Since several factors contribute to the 
overall settling time, fast settling to 0.1% does not necessarily 
mean proportionally fast settling to 0.01%, nor is settling time 
necessarily proportional to gain. Principal contributing factors 
include slew-rate limiting, underdamping (ringing) and thermal 
gradients (long tails). 

GAIN-BANDWIDTH PRODUCT (GBWP) - the product of 
the highest gain and its corresponding bandwidth - is a rough 
figure of merit for bandwidth as an aid to the preliminary screening 
process. However, since gain and bandwidth are not necessarily 
in exact inverse proportion, it can be a misleading specification, 
especially at the lower gains, if interpreted literally. 

VOLTAGE OFFSET: Voltage offset and common-mode rejection 
(see below) specifications are often considered the key figures of 
merit for instrumentation amplifiers. While initial offset can be 
adjusted to zero, shifts in offset voltage with time and temperature 
introduce errors. Systems that involve "intelligent" processors 
can correct for offset errors in the whole measurement chain, 
but such applications are still relatively infrequent; in most 
applications, the instrumentation amplifier's contribution to 
system offset error must be defined. 

Voltage offset and offset drift in instrumentation amplifiers are 
functions of gain.^ The offset, measured at the output, is equal 
to a constant plus a term proportional to gain. For an amphfier 
with specified performance over a gain range from 1 to 1,000, 
the constant is essentially the offset at unity gain, and the pro- 
portionality term (or slope) is equal to the change in output 
offset between G = 1 and G = 1,000, divided by 999. To refer 
offset to the input (RTI), divide the total output offset by the 
gain. Since offset at a gain of 1 ,000 is dominated by the proportional 
term, the slope is often called the "RTI offset, G = 1,000." At 
any value of gain, the offset is equal to the unity-gain offset plus 
the product of the gain and the "RTI offset." 

The same considerations apply to the offset drift. For example, 
the maximum RTI drift of the AD624C is specified at 0.25|xV/°C. 
Thus, the output drift is (0.25|jlV/°C x G) + \0[i.YrC at any 
gain, G, in the range. 

Voltage offset as a function of power supply level is also specified 
RTI at one or more gain settings. 



^There is a good explanation of the specification of ofTset in the 
Application Note: "A User's Guide to IC Instrumentation 
Ampliflers," by J. Riskin, available upon request. 
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INPUT BIAS AND OFFSET CURRENTS: Input bias currents 
are those currents needed to bias the input transistors of a dc 
amplifier or to supply the junction leakage of FETs. FET-input 
devices have lower bias currents than those using bipolar tran- 
sistors, but FET leakage currents increase dramatically with 
temperature, approximately doubling every 11 °C. Since bias 
currents can be considered as a source of voltage offset (when 
multiplied by source resistance), the change in bias currents is 
of more concern than the magnitude of the bias currents. Input 
offset current is the difference between the two input bias 
currents. 



Important Note 

Although instrumentation amplifiers have differential 
inputs, there must be a return path for the bias 
currents. If it is not provided, those currents will 
charge stray capacitances, causing the output to 
drift uncontrollably or to saturate. Therefore, when 
amplifying outputs of "floating" sources, such as 
transformers and thermocouples, as well as ac-coupled 
sources, there must still be a path from each input 
to common, or to the guard terminal. If a dc return 
path is impracticable, an isolator must be used. 



COMMON-MODE REJECTION (CMR) is a measure of the 
change in output voltage when both inputs are changed by 
equal amounts. CMR is usually specified for a full-range common- 
mode voltage change (CMV) at a given frequency, and a specified 
imbalance of source impedance (e.g. Ikll source unbalance, at 
60Hz). CMR is a logarithmic expression of the common-mode 
rejection ratio (CMRR): CMR = 20 logio (CMRR). The common- 
mode rejection ratio is defined as the ratio of the signal gain, G, 
to the ratio of common-mode signal appearing at the output to 
the input CMV. 

In most instrumentation amplifiers, the CMR increases with 
gain because the front-end configuration does not amplify 
common-mode signals, and the amount of common-mode signal 
appearing at the output stays relatively constant as the signal 
gain (G) increases. 

However, at higher gains, amplifier bandwidth decreases. Since 
differences in phase shift through the differential input stage 
will show up as common-mode errors, CMR becomes more 
frequency-dependent at high gains. 
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ANALjOG 
DEVICES 



Programmable Gain & T/H 
DAS Amplifier 



AD365 



FEATURES 

Software Programmable Gain (1, 10, 100, 500) 

Low Input Noise (0.2|tV p-p) 

Low Gain Error (0.05% max) 

Low Nonlinearity (0.005% max) 

Low Gain Drift (lOppm/^C max) 

Low Offset Drift (ZiJiVA'C RTI max) 

Fast Settling (15m.s @ Gain 100) 

Small 16-Pin Metal DIP 

APPLICATIONS 

Digitally Controlled Gain Amplifier 

Auto-Gain Ranging Amplifier 

Wide Dynamic Range Measurement System 

Gain Selection/Channel Amplifier 

Transducer/Bridge Amplifier 

Test Equipment 

HIGHLIGHTS 

The AD365 is a two stage data acquisition system (DAS) front 
end consisting of a digitally selectable gain amplifier followed by 
an independent track/hold amplifier. The progranmiable gain 
amplifier features differential inputs for excellent common-mode 
rejection, high open loop gain for superior linearity, and fast 
settling for use in multiplexed high speed systems. The track/hold 
amplifier features high open loop gain for 12-bit compatible 
linearity, internal hold capacitor for high reliability, and fast 
acquisition time for use with multichannel systems. Both amplifiers 
are capable of being used separately and are specified as inde- 
pendent function blocks. 

GENERAL DESCRIPTION 

The AD365 is comprised of the AD625 monoUthic precision 
instrumentation amplifier to provide a precision differential 
input, the AD7502 monolithic CMOS multiplexer to handle 
gain switching, a precision thin-fihn resistor network, and the 
ADS 85 monolithic track and hold amplifier with internal hold 
capacitor. 



AD365 FUNCTIONAL BLOCK DIAGRAM 




The input stage provides high common-mode rejection, low 
noise, fast settling at all gains, and low drift over temperature. 
The gains of 1, 10, 100, and 500 are digitally selected with the 
two gain control lines which are 5V CMOS compatible. 

The track and hold amphfier section is ideally suited for high 
speed 12-bit applications where fast settling, low noise, and low 
sample-to-hold offset are critical. The T/H mode is controlled 
with a single input line which can be tied to the status output 
line of the accompanying A/D converter. 
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SPECIFICATIONS 



(typical @ Vs = ±15V, Rl = 2kll and Ta = +25''C unless otheiwise specified) 



AD365AM 


Min Typ 


Max 


Units 


PGA GAIN 








Inaccuracy^ 








@G= 1,10, 100 


0.02 


0.05 


% 


@G = 500 


0.04 


0.1 


% 


Nonlinearity 








@G= 1,10, 100 




0.005 


% 


@G = 500 




0.01 


% 


Drift 








@G=1 


1 


5 


ppm/°C 


@G=10,100,500 


3 


10 


ppm/°C 


PGA OFFSET (May be Nulled at Input and Output) 








Input Offset Voltage (RTI) 


25 


200 


M-V 


vs. Temperature 


0.1 


2 


M-vrc 


vs. Common-Mode Voltage 


0.5 


3.2 


fjiVA^ 


vs. Supply Voltage 


1 


10 


jlV/V 


Output Offset Voltage (RTO) 


1 


5 


mV 


vs. Temperature 


30 


150 


^jlV/X 


vs. Common-Mode Voltage 


60 


316 


^jlVA^ 


vs. Supply Voltage 


60 


316 


[xM/Y 


PGA INPUT 








Common- Mode and Differential Impedance 


1015 




niipF 


Differential Input Voltage, Linear 


10 12 




V 


Common-Mode Voltage, Linear 


12-VdiffXG/2 




V 


Input Stage Noise 0. 1 to lOHz 


0.2 




M-Vp-p 


Input Stage Noise Density @ IkHz 


4 




nV/vHz 


Bias Current 


5 


50 


nA 


vs. Temperature 


50 




pA/°C 


Offset Current 


2 


20 


nA 


vs. Temperature 


20 




pA/°C 


Noise Current (0. 1 to lOHz) 


60 




pAp-p 


PGA OUTPUT 








Voltage 2kaLoad 


10 12 




V 


Output Impedance 


0.2 




a 


Short Circuit Current 


25 




mA 


Capacitive Load 


500 




PF 


Output Stage Noise 0. 1 to lOHz 


10 




M'Vp-p 


Output Stage Noise Density @ IkHz 


75 




nV/VH^ 


Guard Voltage 


(V^iN + V_in)/2 




V 


Guard Offset 


-550 




mV 


PGA DYNAMIC RESPONSE 








Small Signal - 3dB 








G=:l 


800 




kHz 


G=10 


400 




kHz 


G=100 


150 




kHz 


G = 500 


40 




kHz 


Full Power Bandwidth G = 1 @ Vq = 20V p-p 


60 




kHz 


Slew Rate 


4 




V/JJLS 


Settling Time to 0.01% @ Vq = 20V p-p 








G=l,10 


8 


10 


M.S 


G=100 


12 


15 


M<s 


G = 500 


40 


50 


^l-S 


Gain Switching Time 


1.5 




M-s 


Overdrive Recovery Time Vin = 1 5 V @ G = 1 


7 




[LS 


PGA DIGITAL INPUTS 








Logic Low 





0.8 


V 


Logic High 


3.0 


+ Vs 


V 


Current, Iinh or Iinl 


0.01 


1 


jjiA 
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AD365AM 


Min 


Typ 


Max 


Units 


TRACK AND HOLD AMPLIFIER SECTION 






TRANSFER CHARACTERISTICS 










Open Loop Gain Vo = lOV, R, = 2k 


100k 


200k 




V/V 


Nonlinearity (^' G =^ + 1 






0.005 


%FSR 


Output Voltage R I =2kll 


10 


12 




V 


Capacitive Load 




100 




pF 


Short Circuit Current 




25 




mA 


TRACK MODE DYNAMICS 










Acquisition Time to 0.01% lOV Step 




2 


3 


fXS 


20V Step 




4 


5 


|XS 


Small Signal Bandwidth - 3dB 




2 




MHz 


Full Power Bandwidth (20V p-p) 




120 




kHz 


Slew Rate 




10 




V/jxs 


TRACK/HOLD SWITCHING 










Aperture Time 




35 




ns 


Aperture Uncertainty 




0.5 




ns 


Switching Transient 




40 




mV 


Settling Time to 2m V 




0.5 




JXS 


HOLD MODE 










Droop Rate (a +25°C 




0.3 


1 


V/sec 


from Tambii:n r to Tmax 




Doubles/ 10°C 




V/sec 


Feedthrough 


/ 


25 




^JlVA^ 


Pedestal, Offset 0^ +25°C 




2 


3 


mV 


Over Temperature 




3 




mV 


T/H ANALOG INPUT 










Bias Current 




0.1 


2 


nA 


Over Temperature 




0.2 


5 


nA 


Offset Voltage 






2 


mV 


Over Temperature 






3 


mV 


vs. Common Mode 




25 


100 


fxVA^ 


vs. Supplies 




100 


316 


|xV/V 


Input Impedance 




lO'^lllO 




nilpF 


Noise Density (a IkHz 




50 




nV/VHz 


Noise O.lHz to lOHz 




10 




^xVp-p 


T/H DIGITAL INPUT CHARACTERISTICS 










Logic Low, (Hold Mode) 







0.8 


V 


Logic High (Track Mode) 


2.0 




+ Vs 


V 


Input Current 




10 


50 


ixA 


AD365 POWER REQUIREMENTS 










Positive Supply Range 


+ 11 




+ 17 


V 


Negative Supply Range 


-11 




-17 


V 


Quiescent Current 




12 


16 


mA 


Power Dissipation 




360 


550 


mW 


Warm-Up Time to Specification 




5 




Minutes 


Ambient Operating Temperature 


-25 




+ 85 


°C 


Package Thermal Resistance (e,a) 




60 




°C/W 


AD365 ABSOLUTE MAXIMUM RATINGS 










Positive Supply + Vs 


-0.3 




+ 17 


Vdc 


Negative Supply -Vs 


+ 0.3 




-17 


Vdc 


Analog Input Voltage 


-Vs 




+ Vs 


V 


Analog Input Current 


-10 




+ 10 


mA 


Digital Input Voltage 


-0.3 




+ Vs 


V 


T/H Differential V,N 






±30 


V 


Storage Temperature 


-65 




+ 150 


°C 


Lead Soldering, 10 Sec 






300 


°C 


Short Circuit Duration 




Indefinite 






PACKAGE OPTION^ 










DH-16B 











NOTE 

'Gam = 10, 100 and 500 are trimmed and tested ratiometric to G = 1 . 

^See Section 16 for package outline information. 

Specifications subject to change without notice. 
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TYPICAL CHARACTERISTICS 



+25°unless otherwise noted) 
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Figure 1. AD365 Quiescent 
Current vs. Supply Voltage 
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Figure 2. PGA RTI Noise 
Spectral Density vs. Gain 
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Figure 5. PGA Large Signal 
Frequency Response 
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Figure 8. PGA PSRR vs. 
Frequency 
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Figure 3. PGA Input Current 
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Figure 10. PGA Input Bias 
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Figure 1 1. PGA Large Signal 
Pulse Response and Settling 
Time, G=100 



Figure 12. Sample-to-Hold 
Settling Time 
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Theory of Operation 



The AD365 PGA section uses the AD625 monolithic instrumen- 
tation ampHfier based on a modification of the classic three-op-amp 
approach. Monolithic construction and laser- wafer- trimming 
allow the tight matching and tracking of circuit components. 
This insures the high level of performance inherent in this circuit 
architecture. 

A preamp stage (Q1-Q4) provides additional gain to Al and A2. 
Feedback from the outputs of Al and A2 forces the collector 
currents of Q1-Q4 to be constant, thereby, impressing the input 
voltage across Rg. This creates a differential voltage at the outputs 
of Al and A2 which is given by the gain (2Rf/Rg + 1) times 
the differential portion of the input voltage. The unity gain 
subtractor, A3, removes any common-mode signal from the 
output voltage yielding a single ended output, Vqutj referred to 
the potential at the reference pin. 

Digital gain control is provided using the DO and Dl inputs 
(pins 14 and 15) which are decoded internally in the gain switching 
AD7502 as shown in Figure 15 below. The switch selects the 
resistance Rg from the laser trimmed resistor network according 
to the following gain select table. 



Dl 


DO 


PGA GAIN 








1 





1 


10 


1 





100 


1 


1 


500 




Figure 13. Simplified Circuit of the PGA 

INPUT PROTECTION 

Differential input ampHfiers frequently encoimter input voltages 
outside of their Unear range of operation. There are two consid- 
erations when applying input protection for the PGA; 1) that 
continuous input current must be limited to less than 10mA and 
2) that input voltages must not exceed either supply by more 
than one diode drop (approximately 0.6V @ 25°C). 

Under differential overload conditions there is (Rg + 300)ft in 
series with two diode drops (approximately 1.2 V) between the 
plus and minus inputs, in either direction. With no external 
protection and Rg very small (i.e., 800 @ G = 500), the maximum 
overload voltage the PGA can withstand, continuously, is ap- 
proximately ± 5V. Figure 14 shows the external components 




Figure 14. Input Protection Circuit for PGA 
necessary to protect the PGA under all overload conditions at 
any gain. The diodes to the supplies are only necessary if input 
voltages outside of the range of the supplies are encountered. 

REFERENCE TERMINAL 

The reference terminal may be used to offset the output by up 
to ± 2V. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered, 
however, that the total output swing, to be shared between 
signal and reference offset, should be ± 10 volts (from ground). 

The PGA section reference terminal must be presented with 
nearly zero impedance. Any significant resistance, including 
those caused by PC layouts or other connection techniques, will 
increase the gain of the noninverting signal path, thereby, upsetting 
the common-mode rejection of the In- Amp. Inadvertent ther- 
mocouple connections created in the sense and reference lines 
should also be avoided as they will direcdy affect the output 
offset voltage and output offset voltage drift. 

In the AD625, a reference source resistance will unbalance the 
CMR trim by the ratio of lOkO/RREF- For example, if the reference 
source impedance is IH, CMR will be reduced to 80dB (lOkO/lH 
= SOdB). An operational amplifier may be used to provide the 
low impedance reference point as shown in Figure 15. The 
input offset voltage characteristics of that amphfier will add 
directly to the output offset voltage performance of the in- 
strumentation amplifier. 




Figure 15. Software Controllable Offset 
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The circuit of Figure 15 also shows a CMOS DAC operating in 
the bipolar mode and connnected to the reference terminal to 
provide software controllable offset adjustments. The total offset 
range is equal to ± (Vref/2 x R5/R4). To be symmetrical about 
OV, R3 must be equal to 2 x R4. 

The offset per bit is equal to the total offset range divided by 
2^, where N = number of bits of the DAC. The range of offset 
for Figure 15 is ± 120mV, and the offset is incremented in steps 
of0.9375mV/LSB. 

INPUT AND OUTPUT OFFSET VOLTAGE 

Offset voltage specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but this requires extra 
circuitry. 

Offset voltage and offset voltage drift each have two components: 
input and output. Input offset is that component of offset that 
is generated at the input stage. Measured at the output it is 
directly proportional to gain, i.e., input offset as measured at 
the output at G = 100 is 100 times greater than that measured 
at G = 1. Output offset is generated at the output and is constant 
for all gains. Input errors dominate at high gains and output 
errors dominate at low gains. 

By separating these errors, one can evaluate the total error inde- 
pendent of the gain. For a given gain, both errors can be combined 
to give a total error referred to the input (RTI) or output (RTO) 
by the following formula: 

Total Error RTI = input error + (output error/gain) 

Total Error RTO = (Gain x input error) + output error 

The AD365 provides for input offset voltage adjustment (see 
Figure 16). This simplifies nulling in very high precision appli- 
cations and minimizes offset voltage effects in switched gain 
applications. In such applications the input offset is adjusted 
first at the highest programmed gain, then the output offset is 
adjusted at G = 1. If only a single null is desired, the input 
offset null should be used. The most additional drift when using 
only the input offset null is 0.9[iWrC, RTO. 

Output offset adjustment is normally provided by the A/D con- 
verter offset adjustment which will compensate for the output 
offset of the PGA, offset of the T/H amplifier, and offset of the 
A/D. 




Figure 16. Input Voltage Offset Adjustment 

COMMON-MODE REJECTION 

In an instrumentation amplifier, degradation of common-mode 
rejection is caused by a differential phase shift due to differences 
in distributed stray capacitances. In many applications shielded 




cables are used to minimize noise. This technique can create 
common-mode rejection errors unless the shield is properly 
driven. Figure 17 shows active data guards which are configured 
to improve ac common-mode rejection by "bootstrapping" the 
capacitances of the input cabling, thus minimizing differential 
phase shift. 

GROUNDING 

In order to isolate low level analog signals from a noisy digital 
environment, many data-acquisition components have two or 
more ground pins. These grounds must eventually be tied together 
at one point. It would be convenient to use a single ground line, 
however, current through ground wires and pc runs of the circuit 
card can cause hundreds of millivolts of error. Therefore, separate 
ground returns should be provided to minimize the current flow 
from the sensitive points to the system ground (see Figure 18). 
Since the AD365 output voltage is developed with respect to the 
potential on the reference terminal, it can solve many grounding 
problems. 



ANALOG PS 



s 



ftl 



DIGITAL PS 




Figure 18. Basic Grounding Practice 



GROUND RETURNS FOR BIAS CURRENTS 

Input bias currents are those currents necessary to bias the 
input transistors of a dc ampUfier. There must be a direct return 
path for these currents, otherwise they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying "floating" input sources such as 
transformers, or ac-coupled sources, there must be a dc path 
from each input to ground as shown in Figure 19. 




REFERENCE tO POWER 
SUPPLY 



Figure 19a. Ground Returns for Bias Currents with 
Transformer Coupled Inputs 



^h- ^>-t 



■W-f^ 




Figure 17. Common-Mode Shield Driver 



Figure 19b. Ground Returns for Bias Currents with ac 
Coupled Inputs 
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AUTO-ZERO CIRCUITS 

In many applications it is necessary to maintain high accuracy. 
At room temperature, offset effects can be nulled by the use of 
offset trimpots. Over the operating temperature range, however, 
offset nulling becomes a problem. For these applications the 
auto-zero circuit of Figure 20 provides a hardware solution. 



HOLD/TRACK DELAY 




' LEAKAGE 



rr 



Figure 20. Auto-Zero Circuit 

OTHER CONSIDERATIONS 

One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a current 
flows when the two junctions are at different temperatures. 
When this circuit is broken, a voltage known as the "Seebeck" 
or thermocouple emf can be measured. Standard IC lead material 
(kovar) and copper form a thermocouple with a high thermoelectric 
potential (about 35|xV°C). This means that care must be taken 
to insure that all connections (especially those in the input circuit 
of the AD365) remain isothermal. This includes the input leads 
(1, 2). In addition, the user should also avoid air currents over 
the circuitry since slowly fluctuating thermocouple voltages will 
appear as "flicker" noise. 

The base emitter junction of an input transistor can rectify out- 
of-band signals (i.e., RF interference). When amplifying small 
signals, these rectified voltages act as small dc offset errors. In 
the case of a resistive transducer, a capacitor across the input 
working against the internal resistance of the transducer may 
suffice to provide an RC filter. These capacitances may also be 
incorporated as part of the external input protection circuit (see 
section on input protection). As a general practice every effort 
should be made to match the extraneous capacitance at pins 1 
and 2, to preserve high ac CMR. 

THEORY OF OPERATION - T/H SECTION 

In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 21 shows 
pictorially the track-and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: 1. Track-to-Hold Transition, 
2. Hold Mode and 3. Hold-to-Track Transition. 




LOGIC INPUT 



Figure 21. Pictorial Sliowing Various T/H Characteristics 

TRACK-TO-HOLD TRANSITION 

The aperture delay time is the time required for the track-and-hold 
amplifier to switch from track to hold. Since this is effectively a 
constant, it may be tuned out. If however, the aperture delay 
time is not accounted for then errors of the magnitude as shown 
in Figure 22 will result. 
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Figure 22. Aperture Delay Error vs. Frequency 

To eliminate the aperture delay as an error source the track-to-hold 
command may be advanced with respect to the input signal. 

Once the aperture delay time has been eliminated as an error 
source then T/H trigger uncertainty/jitter and internal aperture 
jitter which are the variations in aperture delay time from sample- 
to-sample remain. The aperture jitter is a true error source and 
must be considered. The aperture jitter is a result of noise within 
the switching network which modulates the phase of the hold 
command and is manifested in the variations in the value of the 
analog input that has been held. The aperture error which results 
from this jitter is directly related to the dV/dt of the analog 
input. 

The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N-bit A/D 
converter. 

2-(N + i) 



IT (Aperture Jitter) 
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For an application with a 12-bit A/D converter with a lOV full 
scale to a 1/2LSB error maximum: 



2-a2-n) 

17(0.5x10-9) 



= 77.7kHz 



Track-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting track-to-hold offset is a function of the logic level 
appUed to the gate and the change in the gate capacitance over 
temperature. 

HOLD MODE 

In the hold mode there are two important specifications that 
must be considered; feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated version of the input at the output 
while in the hold mode. Hold-Mode feedthrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a track and hold follows an analog 
multiplexer that switches among many different 
channels. 

Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 
The rate of voltage change on the capacitor dV/dt is the ratio of 
the total leakage current II to the hold capacitance Ch- 



Droop Rate 



dVn 



dt 



- (Volts/Sec) = 



Il(pA) 
Ch(pF) 



For the AD365 in particular; 

Droop Rate = iaa p = IV/sec maximum 

Additionally the leakage current doubles for every 10°C increase 
in temperature above 25°C; therefore, the hold-mode droop rate 
characteristic will also double in the same fashion. 

Since a track and hold is used typically in combination with an 
A/D converter, then the total droop in the output voltage has to 
be less than 1/2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an A/D converter 



, .,. Full Scale Voltage 
AV max = — —— =- 

2(N+1) 

Once the maximum AV is determined then the conversion time 
of the A/D converter (tcoNv) is required to calculate the maximimi 
allowable dV/dt. 

dV max AV max 



dt 
The maximum 



tcONV 



dV max 
dt 



as shown by the previous equation is 



the limit not only at 25°C but at the maximum expected operating 
temperature range. Therefore, over the operating temperature 
range the following criteria must be met (Toperation - 25°C) 
= AT. 



dV 25°C 
dt 



X 2 



(A-FC) 
10°C 



dV max 
dt 



HOLD-TO-TRACK TRANSITION 

The Nyquist theorem states that a band-limited signal which is 
sampled at a rate at least twice the maximum signal frequency 
can be reconstructed without loss of information. This means 



that a sampled data system must sample, convert and acquire 
the next point at a rate at least twice the signal frequency. Thus 
the maximum input frequency is equal to 



fMAX~ 



1 



2(Tacq + TcoNV + Tap) 

Where Tacq is the acquisition time of the sample-to-hold 
amplifier. Tap is the maximum aperture time (small enough to 
be ignored) and Tconv is the conversion time of the A/D 
converter. 

DATA ACQUISITION SYSTEMS 

The fast acquisition time of the AD365 when used with a high 
speed A/D converter allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acquisition 
systems. The AD365 can be used with a number of different 
A/D converters to achieve high throughput rates. Figures 23 
and 24 show the use of an AD365 with the AD578 and 
AD574A. 




Figure 23. A/D Conversion System, 11 7.6kHz Throughput 
58.8kHz Max Signal Input 

— • +15V 




Figure 24. 12-Bit A/D Conversion System, 26.3kHz 
Throughput Rate, 13. 1kHz Max Signal Input 
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ANALjOG 
DEVICES 



Integrated Circuit 
Precision Instrumentation Amplifier 



AD521 



FEATURES 

Programmable Gains from 0.1 to 1000 

Differential Inputs 

HighCMRR: IIOdBmin 

Low Drift: IiiMTC max (L) 

Complete Input Protection, Power ON and Power OFF 

Functionally Complete with the Addition of Two Resistors 

Internally Compensated 

Gain Bandwidth Product: 40MHz 

Output Current Limited: 25mA 

Very Low Noise: 0.5iuV pp, 0.1Hz to 10Hz, RTI @ G = 1000 

Chips are Available 



AD521 PIN CONFIGURATION 



R 
GAIN 




PRODUCT DESCRIPTION 

The AD521 is a second generation, low cost, monolithic IC 
instrumentation amplifier developed by Analog Devices. As a 
true instrumentation amplifier, the ADS 21 is a gain block with 
differential inputs and an accurately programmable input/ 
output gain relationship. 

The ADS 21 IC instrumentation amplifier should not be con- 
fused with an operational amplifier, although several manu- 
facturers (including Analog Devices) offer op amps which can 
be used as building blocks in variable gain instrumentation 
amplifier circuits. Op amps are general-purpose components 
which, when used with precision-matched external resistors, 
can perform the instrumentation amplifier function. 

An instrumentation amplifier is a precision differential volt- 
age gain device optimized for operation in a real world envi- 
ronment, and is intended to be used wherever acquisition of a 
useful signal is difficult. It is characterized by high input im- 
pedance, balanced differential inputs, low bias currents and 
high CMR. 

As a complete instrumentation amplifier, the ADS 21 requires 
only two resistors to set its gain to any value between 0.1 and 
1000. The ratio matching of these resistors does not affect the 
high CMRR (up to 120dB) or the high input impedance (3 X 
10^ fi) of the ADS21. Furthermore, unlike most operational 
amplifier-based instrumentation amplifiers, the inputs are 
protected against overvoltages up to ±1 S volts beyond the 
supplies. 

The ADS 21 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical "J" grade, the low drift "K" grade, and the 
lower drift, higher linearity "L" grade are specified from to 



+70 C. The "S" grade guarantees performance to specification 
over the extended temperature range: -SS°C to +125°C. 

PRODUCT HIGHLIGHTS 

1. The ADS 21 is a true instrumentation amplifier in integrated 
circuit form, offering the user performance comparable to 
many modular instrumentation amplifiers at a fraction of 
the cost. 

2. The ADS 21 has low guaranteed input offset voltage drift 
(2/LtV/°C for L grade) and low noise for precision, high gain 
applications. 

3. The ADS 21 is functionally complete with the addition of 
two resistors. Gain can be preset from 0.1 to more than 
1000. 

4. The ADS21 is fully protected for input levels up to ISV 
beyond the supply voltages and 30V differential at the 
inputs. 

5. Internally compensated for all gains, the ADS 21 also offers 
the user the provision for limiting bandwidth. 

6. Offset nulling can be achieved with an optional trim pot. 

7. The ADS 21 offers superior dynamic performance with a 
gain-bandwidth product of 40MHz, full peak response of 
lOOkHz (independent of gain) and a settling time of S/is 
to 0.1% of a lOV step. 
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SPECIFICATIONS 



(typical @ Vs = ±15V, Rl = 2knand Ta = 25°C unless otherwise specified) 



MODEL 



AP521JD 



ADS21SD 
(AD521SD/883B) 



GAIN 

Range (For Specified Operation, Note 1) 

Equation 

Error from Equation 

Nonlmearity (Note 2) 



1 to 1000 

G = Rs/RgV/V 

(±O25-0 004G)% 



1<G<1000 


0.2% max * 


1% 


max 


♦ 


Gain Temperature Coefficient 


±(3 ±0 05G)ppm/°C 


* 




+(15+0 4G)ppm/°C 


OUTPUT CHARACTERISTICS 










Rated Output 


±10V, ilOmAmin * 


* 




♦ 


Output at Maximum Operating Temperature 


±10V@5mAmin * 


* 




* 


Impedance 


om 


* 




* 



DYNAMIC RESPONSE 

Small Signal Bandwidth (±3dB) 

G=l >2MHz 

G = 10 300kHz 

G = 100 200kHz 

G = 1000 40kHz 

Small Signal, ±1 0% Flatness 

G=l 75kHz 

G=10 26kHz 

G = 100 24kHz 

G = 1000 6kHz 

Full Peak Response (Note 3) lOOkHz 

Slew Rate, 1<G< 1000 lOV/fis 

Settling Time (any lOV step to within lOmV of Final Value) 

G = 1 7/us 

G = 10 5/:/s 

G = 100 lOjUs 

G=1000 35ms 

Differential Overload Recovery (±30V Input to within 

lOmV of Final Value) (Note 4) 

G = 1000 50/is 

Common Mode Step Recovery (30V Input to within 

lOmV of Final Value) (Note 5) 

G = 1000 lOus 



VOLTAGE OFFSET (may be nulled) 
Input Offset Voltage (Vosj) 
vs. Temperature 
vs. Supply 
Output Offset Voltage (Vosq) 
vs Temperature 
vs. Supply (Note 6) 



3mV max (2mV typ) 

15MV/°Cmax(7juV/°Ctyp) 

3iuV/% 



1 5mV max (0 5mV typ) 
5)UV/°C max (l.SjuV/ C typ) 



1 OmV max (0 5mV typ) 
2/L(V/°C max 



400mV max (200mV typ) 200mV max (30mV typ) lOOmV max 

400juV/°Cmax(150/uV/^Ctyp) 150mV/°C max (SOjuV^C typ) 75iuV/°C max 



Voso/^^ 



INPUT CURRENTS 

Input Bias Current (either input) 

vs. Temperature 

vs Supply 
Input Offset Current 

vs Temperature 



80nA max 
lnA/°C max 
2%/V 
20nA max 
250pA/°C max 



40nA max 
500pA/°C max 

lOnA max 
125pA/°Cmax 



INPUT 

Differential Input Impedance (Note 7) 
Common Mode Input Impedance (Note 8) 
Input Voltage Range for Specified Performance 

(with respect to ground) 
Maximum Voltage without Damage to Unit, Power ON 

or OFF Differential Mode (Note 9) 

Voltage at either input (Note 9) 
Common Mode Rejection Ratio, DC to 60Hz with lkJ2 
source unbalance 

G= 1 

G= 10 

G= 100 

G = 1000 



3xlO'n||1.8pF 
6x 10*°S2|i3 0pF 



30V 
Vs±15V 



70dB min (74dB typ) 
90dB mm (94dB typ) 
lOOdBmin (104dB typ) 
lOOdBmm (llOdB typ) 



74dB min (80dB typ) 
94dBmin (lOOdBtyp) 
104dBmin(114dBtyp) 
110dBmin(120dBtvp) 



NOISE 

Voltage RTO (p-p) @ IHz to lOHz (Note 10) 

RMS RTO, lOHz to lOkHz 
Input Current, rms, lOHz to lOkHz 



> /(0 5G)^ + (225/ jUV 
V(l 2G)' + {SOrtiV 
15pA (rms) 



REFERENCE TERMINAL 
Bias Current 
Input Resistance 
Voltage Range 
Gain to Output 



3juA 

lOMfi 

±10V 



POWER SUPPLY 

Operating Voltage Range 
Quiescent Supply Current 


±5V to ±18V 
5mA max 


^ 


^ 


* 


TEMPERATURE RANGE 
Specified Performance 
Operating 
Storage 


to +70°C 

-25°Cto+85°C 

-65°Cto+150°C 


I 


* 


-55°Cto+125°C 
-55°Cto+125°C 


PACKAGE OPTION* 

Ceramic (D-14) 


AD521JD 


AD521KD 


AD521LD 


AD521SD 



NOTES 

' See Section 16 for package outline information. 

* Specifications same as AD521JD. 
••Specifications same as AD521KD 
Specifications subject to cliange without notice 
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Applying the AD521 



NOTES: 

1. Gains below 1 and above 1000 are realized by simply ad- 
justing the gain setting resistors. For best results, voltage at 
either input should be restricted to ±10V for gain's equal to 
or less than 1. 

2. Nonlinearity is defined as the ratio of the deviation from 
the "best straight line" through a full scale output range of 
±9 volts. With a combination of high gain and ±10 volt output 
swing, distortion may increase to as much as 0.3%. 

3. Full Peak Response is the frequency below which a typical 
amplifier will produce full output swing. 

4. Differential Overload Recovery is the time it takes the ampli- 
fier to recover from a pulsed 30V differential input with 15V 
of common mode voltage, to within lOmV of final value. The 
test input is a 30V, lOjUS pulse at a IkHz rate. (When a differ- 
ential signal of greater than IIV is applied between the inputs, 
transistor clamps are activated which drop the excess input 
voltage across internal input resistors. If a continuous overload 
is maintained, power dissipated in these resistors causes temper- 
ature gradients and a corresponding change in offset voltage, 

as well as added thermal time constant, but will not damage 
the device.) 

5. Common Mode Step Recovery is the time it takes the amp- 
lifier to recover from a 30V common mode input with zero 
volts of differential signal to within lOmV of final value. The 
test input is 30V, lOjus pulse at a IkHz rate. (When a com- 



mon mode signal greater than Vs -0.5 V is applied to the 
inputs, transistor clamps are activated which drop the excessive 
input voltage across internal input resistors. Power dissipated 
in these resistors causes temperature gradients and a correspon- 
ding change in offset voltage, as well as an added thermal time 
constant, but will not damage the device.) 

6. Output Offset Voltage versus Power Supply Change is a 
constant 0.005 times the unnuUed output offset per percent 
change in either power supply. If the output offset is nulled, 
the output offset change versus supply change is substantially 
reduced. 

7. Differential Input Impedance is the impedance between the 
two inputs. 

8. Common Mode Input Impedance is the impedance from I 
either input to the power supplies. 

9. Maximum Input Voltage (differential or at either input) is 
30V when using ±15V supplies. A more general specification is 
that neither input may exceed either supply (even when 

Vs = 0) by more than 15V and that the difference between the 
two inputs must not exceed 30V. (See also Notes 4 and 5 .) 

10. 0.1 Hz to lOHz Peak-to-Peak Voltage Noise is defined as 
the maximum peak-to-peak voltage noise observed during 2 
of 3 seperate 10 second periods with the test circuit of Fig- 
ure 8. 



DESIGN PRINCIPLE 

Figure 1 is a simplified schematic of the AD 5 21. A differential 
input voltage, Vjn, appears across Rg causing an imbalance in 
the currents through Qi and Q2, Al=VDsf/RG. That imbalance 
is forced to flow in Rs because the collector currents of Q3 
and Q4 are constrained to be equal by their biasing (current 
mirror). These conditions can only be satisfied if the differen- 
tial voltage across Rg (and hence the output voltage of the 
AD521) is equal to Al X Rg. The feedback amplifier, ApB 

ViN 

performs that function. Therefore, Vqut = "^ — X Rs or 
VoujRs ^ 

ViN Rg' 



.| 



., ( I I Q1 02 , .i I 



v^njv^ 






>x[ 



EXTERNAL 
-O-WSrO- 



EXTERNAL 
AI-*> Rs 
4 - O^^^rO '' ' 
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r^ 



»'x 



■»* 



V0UT _V|N 

Rs "Rg" 
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^^ VoUT 

■^REf 



CURRENT MIRROR 



X 



♦ ■ ^^' 



Figure 1. Simplified AD521 Scfiematic 



INSTRUI\/IENTATION AI\/IPLIFIERS 4^17 



APPLICATION NOTES FOR THE AD521 

These notes ensure the ADS 21 will achieve the high level of 
performance necessary for many diversified lA applications. 

1. Gains below 1 and above 1000 are realized by adjusting 
the gain setting resistors as shown in Figure 2 (the resistor, 
Rs between pins 10 and 13 should remain lOOkfi ±15%, 
see application note 3). For best results, the input voltage 
should be restricted to ±10V especially for gain equal to 
or less than 1 . 

2. Provide a return path to ground for input bias currents. The 
ADS 21 is an instrumentation amplifier, not an isolation 
amplifier. When using a thermocouple or other "floating" 
source, this return path may be provided directly to ground 
or indirectly through a resistor to ground from pins 1 and/ 
or 3, as shown in Figure 3. If the return path is not pro- 
vided, bias currents will cause the output to saturate. The 
value of the resistor may be determined by dividing the 
maximum allowable common mode voltage for the appli- 
cation, by the bias current of the instrumentation amplifier. 



Rgain (Rg) 




OUTPUT 
O SIGNAL 
COMMON 



GAIN 


VALUE OF Rg 


0.1 


IMH 


1 


lOOkfl 


10 


lOkn 


100 


Ikn 


1000 


lOon 



Figure 2. Operating Connections forAD521 

3. The resistors between pins 10 and 13, (Rscale) i^^st equal 
lOOkn ±1S% (Figure 2). If RscALE is too low (below SSkO) 
the output swing of the ADS21 is reduced. At values below 
80kl2 and above 120kl2 the stability of the ADS21 may be 

. impaired. 

4. Do not exceed the allowable input signal range. The line- 
arity of the ADS 21 decreases if the inputs are driven within 
5 volts of the supply rails, particularly when the device is 
used at a gain less than 1. To avoid this possibility, atten- 
uate the input signal through a resistive divider network and 
use the ADS 21 as a buffer, as shown in Figure 4. The resis- 
tor R/2 matches the impedance seen by both AD 521 in- 
puts so that the voltage offset caused by bias currents will 
be minimized. 




a). Transformer Coupled, Direct Return 
Rs 




b). Tiiermocoupie, Direct Return 



9 B^n'C '^Z^^—'' 



c). AC Coupled, Indirect Return 
Figure 3, Ground Returns for ''Floating" Transducers 




VOUT 



1. INCREASE Rg TO PICK UP GAIN LOST BY R 
DIVIDER NETWORK 

2. INPUT SIGNAL MUST BE REDUCED IN 
PROPORTION TO POWER SUPPLY VOLTAGE LEVEL 



Figure 4. Operating Conditions for Vf/\/f^Vs- 10V 
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5. Use the compensation pin (pin 9) and the applicable com- 
pensation circuit when the amplifier is required to drive a 
capacitive load. It is worth mentioning that coaxial cables 
can "invisibly" provide such capacitance since many popu- 
lar coaxial cables display capacitance in the vicinity of 3 Op F 
per foot. 

This compensation (bandwidth control) feature permits the 
user to fit the response of the ADS 21 to the particular appli- 
cation as illustrated by Figure 5. In cases of extremely high 
load capacitance the compensation circuit may be changed 
as follows: 

1. Reduce 680^ to 24^ 

2. Reduce 33012 to 7. sn 

3. Increase lOOOpF to O.ljLiF 

4. Set Cx to lOOOpF if no compensation was originally 
used. Otherwise, do not alter the original value. 

This allows stable operation for load capacitances up to 
3000pF, but limits the slew rate to approximately 0.16V/jLis. 

6. Signals having frequency components above the Instrumen- 
tation Amplifier's output amplifier closed-loop bandwidth 
will be transmitted from V- to the output with little or no 
attenuation. Therefore, it is advisable to decouple the V- 
supply line to the output common or to pin 11.^ 



Rs^iookn ±10% 



GAIN = -SS- 
"G 




lOOitft 



when ft is the desired bandwidth. 
(ft in kHz, Cx in juF) 



Figure 5. Optional Compensation Circuit 

INPUT OFFSET AND OUTPUT OFFSET 

When specifying offsets and other errors in an operational 
amplifier, it is often convenient to refer these errors to the 
inputs. This enables the user to calculate the maximum error 
he would see at the output with any gain or circuit configura- 
tion. An op amp with ImV of input offset voltage, for 
example, would produce IV of offset at the output in a gain 
of 1000 configuration. 

In the case of an instrumentation amplifier, where the gain is 
controlled in the amplifier, it is more convenient to separate 



errors into two categories. Those errors which simply add to 
the output signal and are unaffected by the gain|can be classi- 
fied as output errors. Those which act as if they are associated 
with the input signal, such that their effect at the output is 
proportional to the gain, can be classified as input errors. 

As an illustration, a typical ADS 21 might have a +30mV output 
offset and a -0.7mV input offset. In a unity gain configuration, 
the total output offset would be +29.3mV or the sum of the 
two. At a gain of 100, the output offset would be -40m V or; 
30mV + 100(-0.7mV) = -40mV. 

By separating these errors, one can evaluate the total error 
independent of the gain settings used, similar to the situation 
with the input offset specifications on an op amp. In a given 
gain configuration, both errors can be combined to give a total 
error referred to the input (R.T.I.) or output (R.T.O.) by the 
following formula: 

Total Error R.T.I. = input error + (output error/gain) 
Total Error R.T.O. = (Gain x input error) + output error 

The offset trim adjustment (pins 4 and 6, Figure 2) is associ- 
ated primarily with the output offset. At any gain it can be 
used to introduce an output offset equal and opposite to the 
input offset voltage multiplied by the gain. As a result, the 
total output offset can be reduced to zero. 

As shown in Figure 6, the gain range on the ADS 21 can be 
extended considerably by adding an attenuator in the sense 
terminal feedback path (as well as adjusting the ratio, Rs/Rq)- 
Since the sense terminal is the inverting input to the output 
amplifier, the additional gain to the output is controlled by 
Rl and R2. This gain factor is 1 + R2/R1 . 




VOUT 



O OUTPUT COMMON 



VREF + 



(^)(^'-f=^] 



Figure 6. Circuit for utilizing some of the unique features of the 
AD521. Note that gain changes introduced by changing R1 and 
R2 will have a minimum effect on output offset if the offset is 
carefully nulled at the highest gain setting. 



* For further details, refer to "An I.C. User's Guide to Decoupling, 
Grounding, and Making Things Go Right for a Change," by A, 
Paul Brokaw. This application note is available from Analog Devices 
without charge upon request. 
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Where offset errors are critical, a resistor equal to the parallel 
combination of Rj and R2 should be placed between pin 1 1 
and Vref • This minimizes the offset errors resulting from the 
input current flowing in Ri and R2 at the sense terminal. Note 
that gain changes introduced by changing the R1/R2 attenua- 
tor will have a minimum effect on output offset if the offset 
is carefully nulled at the highest gain setting. 

When a predetermined output offset is desired, Vref can be 
placed in series with pin 11. This offset is then multiplied by 
the gain factor 1 + R2/R1 as shown in the equation of 
Figure 6. 




V0UT = V|n5| 



Figure 7. Ground loop elimination. The reference input, Pin 1 1, 
allows remote referencing of ground potential. Differences in 
ground potentials are attenuated by the high CMRR of the 
AD521. 




-* O COMMON 



Figure 8. Test circuit for measuring peak to peak noise in the 
bandwidth 0. 1Hz to 10Hz. Typical measurements are found by 
reading the maximum peak to peak voltage noise of the device 
under test (D. U. T.) for 3 observation periods of 10 seconds each. 
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ANALjOG 
DEVICES 



High Accuracy Data Acquisition 
Instrumentation Amplifier 



AD522 



FEATURES 

Performance 

Low Drift: 2.0iuV/°C (AD522B) 

Low Nonlinear ity: 0.005% (G = 100) 

High CMRR: >110dB (G = 1000) 

Low Noise: I.SjuV p-p (0.1 to 100Hz) 

Low Initial Vqs: lOO/iV (AD522B) 

Versatility 

Single-Resistor Gain Programmable: 1 < G < 1000 

Output Reference and Sense Terminals 

Data Guard for Improving ac CMR 

Value 

Internally Compensated 

No External Components except Gain Resistor 

Active Trimmed Offset, Gain, and CMR 



AD522 FUNCTIONAL BLOCK DIAGRAM 
14-PIN DIP 



+INPUT ll 






14 1 RGAIN 






RGAIN IT" 






T] DATA GUARD 


-INPUT [T 
NULL IT 








T] SENSE 


\aD522/ 


T| REF 


v.[7 


Y 


T] NC 


NULL |T 






Tj GND (CASE) 


OUTPUT jT 






T] V+ 









PRODUCT DESCRIPTION 

The ADS 22 is a precision IC instrumentation amplifier designed 
for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding com- 
bination of high linearity, high common mode rejection, low 
voltage drift, and low noise makes the ADS 22 suitable for 
use in many 12 -bit data acquisition systems. 

An instrumentation amplifier is usually employed as a bridge 
amplifier for resistance transducers (thermistors, strain gages, 
etc.) found in process control, instrumentation, data processing, 
and medical testing. The operating environment is frequently 
characterized by low signal-to-noise levels, fluctuating tempera- 
tures, unbalanced input impedances, and remote location which 
hinders recalibration. 

The ADS 22 was designed to provide highly accurate signal con- 
ditioning under these severe conditions. It provides output off- 
set voltage drift of less than lOjuV/ C, input offset voltage drift 
of less than 2.0juV/°C, CMR above 80dB at unity gain (1 lOdB 
at G = 1000), maximum gain nonlinearity of 0.001% at G = 1, 
and typical input impedance of 10^^. 



This excellent performance is achieved by combining a proven 
circuit configuration with state-of-the-art manufacturing tech- 
nology which utilizes active laser trimming of tight-tolerance 
thin-film resistors to achieve low cost, small size and high relia- 
bility. This combination of high value with no-compromise per- 
formance gives the ADS 22 the best features of both mono- 
lithic and modular instrumentation amplifiers, thus providing 
extremely cost-effective precision low-level amplification. 

The ADS 22 is available in three versions with differing accu- 
racies and operating temperature ranges; the "A", and *'B" 
are specified from -25°C to +8S°C, and the "S" is guaran- 
teed over the extended aerospace temperature range of -S S C 
to +12S C. All versions are packaged in a 14-pin DIP and are 
supplied in a pin configuration similar to that of the popular 
ADS 21 instrumentation amplifier. 
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SPECIFICATIONS' 



(typical @ +Vs = ±15V, Rl = 2kr2 & Ja = +25°C unless otherwise specified) 



GAIN 

Gain Equation 



AP?22PP 



APg??§P 



,2(10^) 



Gain Range 
Equation Error 

G= 1 

G = 1000 
Nonlmeanty, max (see Fig 4) 

G= 1 

G = 1000 
vs Temp, max 

G= 1 

G = 1000 



2% max 
1.0% max 



005% 
01% 



0.05% max 
2% max 



001% 
005% 



2ppm/ C (Ippm/ C typ) 
50ppm/°C (25ppm/°C typ) 



OUTPUT CHARACTERISTICS 
Output Rating 



DYNAMIC RESPONSE (see Fig 6) 
Small Signal (-3dB) 

G= 1 

G= 100 
Full Power GBW 
Slew Rate 
Settling Time to 1%, G = 100 

to0 01%, G = 100 

to0 01%, G = 10 

to0 01%, G= 1 



300kHz 
3kHz 
1 5kHz 
IV/jUs 
5ms 
5 ms 
2ms 
5ms 



VOLTAGE OFFSET 








Offsets Referred to Input 








Initial Offset Voltage 








(adjustable to zero) 








G= 1 


±400juV max (±200iuV typ) 


±200juV max(±100MVtyp) 


±200mV max (±100/zV typ) 


vs Temperature, max (see Fig 3) 








G= 1 


±50My/°C(±10juV/°Ctyp) 


±25MV/°C(±5iUV/°Ctyp) 


±100/uV/°C (±10mV/°C typ) 


G = 1000 


±6jUV/°C 


±2)UV/°C 


±6mV/°C 


1< G < 1000 


±(^ + 6))UV/°C 


±(^ + 2)/LtV/°C 


±(^ + 6)/iV/°C 


vs Supply, max 








G= 1 


±20ptV/% 


* 


* 


G = 1000 


±0 2juV/% 


* 


* 


INPUT CURRENTS 








Input Bias Current 








Initial max, +25''c 


±25nA 


* 


* 


vs Temperature 


±100pA/°C 


* 


* 


Input Offset Current 








Initial max, +25°C 


±20nA 


* 


» 


vs Temperature 


±100pA/°C 


* 


* 


INPUT 








Input Impedance 








Differential 


lO'fi 


* 


* 


Common Mode 


lo'n 


* 


* 


Input Voltage Range 








Maximum Differential Input, Linear 


±10V 


* 


* 


Maximum Differential Input, Safe 


±20V 


* 


* 


Maximum Common Mode, Linear 


±10V 


* 


* 


Maximum Common Mode Input, Safe 


+ 15V 


* 


* 


Common Mode Rjection Ratio, 








Min®±10V,lkn Source 








Imbalance (see Fig. 5) 








G = 1 (dc to 30Hz) 


75dB (90dB typ) 


80dB(100dBtyp) 


75dB (90dB typ) 


G = 10 (dc to lOHz) 


90dB (lOOdB typ) 


95dB(110dBtyp) 


90dB(110dBtyp) 


G= 100 (dc to 3 Hz) 


lOOdB(llOdBtyp) 


lOOdB (120dB typ) 


lOOdB (120dB typ) 


G = 1000 (dc to IHz) 


100dB(120dBtyp) 


110dB(>120dBtyp) 


lOOdB (>120dB typ) 


G= 1 to 1000(dcto60Hz) 


75dB (88dB typ) 


80dB (88dB typ) 


* 



NOISE 

Voltage Noise, RTI (see Fig 4) 
IHz to lOOHz (p-p) 
G= 1 
G = 1000 
lOHz to lOkHz (rms) 
G= 1 



15iUV 
1 5juV 



15mV 



TEMPERATURE RANGE 








Specified Performance 


-25°C to +85°C 


* 


-55°Cto+125°C 


Operating 


-55°Cto+125°C 


* 


* 


Storage 


-65°C to +150°C 


* 


* 


POWER SUPPLY 








Power Supply Range 


±(5 to 18)V 


* 


* 


Quiescent Current, max @ ±15V 


±10mA 


+8mA 


** 


PACKAGE OPTIONS^ 








Ceramic^ (DH-14A) 


ADS 22 AD 


AD522BD 




Metal (DH-14B) 






AD522SD 



NOTES 

' Specifications guaranteed after 10 minute warm-up. 
'See Section 16 for package outline information. 
' Analog Devices reserves the right to ship metal package ii 
of the standard ceramic packages for A and B grades. 



•Specifications same as AD522A 
••Specifications same as AD522B 
Specifications subject to change without notice 
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Applying the AD522 



GENERAL APPLICATION CONSIDERATIONS 

Figure 1 illustrates the ADS 22 wiring configuration when used 
in a typical bridge amplifier application. In any low-level, high 
impedance, noise-dominated environment, proper shielding and 
grounding are requisite for optimum performance; a recommen- 
ded technique is shown. 



SIGNAL RETURN 



LOAD RETURN 




-('•^)[{--)-(^ 



NOTES 

1 GAIN RESISTOR Rq SHOULD BE -,5ppm/ C (VISHAY TYPE RECOMMENDED) 

2 SHIELDED CONNECTIONS TO Rg RECOMMENDED WHEN MAXIMUM SYSTEM BANDWIDTH 
AND AC CMR IS REQUIRED, AND WHEN Rq IS LOCATED MORE THAN SIX INCHES FROM 
AD522 NO INSTABILITIES ARE CAUSED BY REMOTE Rq LOCATIONS WHEN NOT USED 
THE DATA GUARD PIN CAN BE LEFT UNCONNECTED 

3 POWER SUPPLY FILTERS ARE RECOMMENDED FOR MINIMUM NOtSE IN NOISY ENVIRON- 
MENTS 

4 NO TRIM REQUIRED FOR MOST APPLICATIONS IF REQUIRED, A 10kS2, 2bppm/ C, 25 TURN 
TRIM POT (SUCH AS VISHAY 1202 Y 10k) IS RECOMMENDED 

Figure 1. Typical Bridge Application 

Direct coupling of the ADS 22 inputs makes it necessary to 
provide a signal ground return for input amplifier bias currents. 
This can be achieved by direct connection as shown, or through 
an indirect path of less than lMf2 resistance such as other sys- 
tem interconnections. 

To minimize noise, shielding should be provided for the input 
leads and gain resistor connections. A passive data guard is pro- 
vided to improve ac common mode rejection by "bootstrap- 
ping" the capacitance of the input cabling, thus minimizing 
differential phase shift. This will also reduce degradation of 
system bandwidth. 

Balanced design eliminates the need for external bypass capa- 
citors for most applications. If, however, the power supplies 
are remotely located (farther than 10 feet or so) or if they are 
likely to carry more than a few millivolts of noise, local filter- 
ing will enable the user to retain optimal performance. 

Reference and sense pins are provided to permit remote load 



sensing. These points can also be used to trim the device CMR, 
add an output booster, or to offset the output to a reference 
level. These applications are illustrated in following sections. 

It is good practice to place Rq within several inches of the 
ADS 22. Longer leads will increase stray capacitance and cause 
phase shifts that will degrade CMR at higher frequencies. For 
frequencies below lOHz, a remote Rq is generally acceptable; 
no stability problems are caused. Bear in mind that a leakage 
impedance of 200M12 between Kq pins will cause an 0.1% gain 
error at G = 1. Unity gain is not trimmable. 

TYPICAL APPLICATION AND ERROR BUDGET ANALYSIS 
(See Figure 1 and Table I) 

A floating transducer with a to 1 volt output has a Ik^ source 
imbalance. A noisy environment induces a one volt to 60Hz 
common mode signal in the ground return. This signal must be 
amplified to interface with a data acquisition system calibrated 
for a to 10 volt signal range. The operating temperature range 
is to +SO°C and an ADS22B is to be used. Table 1 lists 
error sources and their effect on system accuracy. 

The total effect on absolute accuracy is less than ±0.2%, allowing 
adjustment-free 8-bit operation. In computer or microproces- 
sor controlled data-acquisition systems, automatic recalibration 
can nullify gain and offset drifts leaving noise, distortion and 
CMR as the only error sources. In this case, full 12-bit opera- 
tion is achieved. 

Gain Errors: Absolute gain errors can be nulled by trimming 
Rq . Gain drift is a linear effect, not detrimental to resolution 
and is caused by the change in value of internal resistors over 
the operating temperature range. An "intelligent" system can 
correct for these errors with an automatic calibration cycle. 
Gain nonlinearity never exceeds 0.002% at G = 10. 

Offset Drift & Pins Current Errors: Special care has been taken 
in the design of the ADS 22 input stage to minimize offset drift. 
Unless transducer impedances are unbalanced by more than 
2k^, errors caused by offset current drift are negligible com- 
pared to offset voltage drift. Although initial offset voltages 
are laser-nulled for most applications, provisions have been 
made to allow further adjustment to correct for initial system 
offset. In this example, all offset drifts amount to ±0.014% 
and do not effect resolution (can be corrected with an auto- 
matic calibration cycle). 

CMR and Noise Errors: Common mode rejection and noise 
performance of instrumentation amplifiers are critical because 







Effect on Absolute 


Effect on Resolution 


Error Source 


Specification 


Accuracy, % of F.S. 


% of F.S. 


Gain Nonlinearity 


±0.002% max, G = 10 
(from Spec Sheet and Fig 4) 


±0.002 


±0 002 


Voltage Drift 


Gam 
RT.I. = 6 00055%/°C 
(from Spec Sheet) 


±0.011 





CMR 


86dB (from Spec. Sheet, CMR vs F 
vs. G, typical curve) 


±0 005 


±0 005 


Noise, R.T.O. 


15^V (p-p) R T O (from Spec Sheet, 


±0 0015 


±0 0015 


(0 1 to lOOHz) 


Noise vs G typical curve) 






Offset Current 


±50pA/ C X Ik source imbalance 


±0.000125 





Drift 


(Spec Sheet) = ±50jLtV/°C = 
±125jLiVRT.l. 






Gain Drift 


60ppm/°C 


±0.15 




(add 10ppm/°C for 


(Spec. Sheet) 






external Rq ) 









Table I. Error Sources 
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these errors can not be corrected by calibration. Common mode 
rejection of the AD522 is active laser-trimmed to the limits of 
thin-film resistor stability. Further trimming could improve 
CMR on a short term basis, but regular readjustment would be 
necessary to maintain this improvement (see Figure 2). In this 
example, untrimmed CMR and noise cause a total error of 
±0.0065% of full scale and are the major contributors to reso- 
lution error. 




Figure 2. Optional CMR Trim 

PERFORMANCE CHARACTERISTICS 

Offset Voltage and Current Drift: The ADS 22 is available in 
four drift selections. Figure 3 is a graph of maximum RTO off- 
set voltage drift vs. gain for all versions. Errors caused by off- 
set voltage drift can thus be determined for any gain. Offset 
current drift will cause a voltage error equal to the product of 
the offset current drift and the source impedance unbalance. 
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Figure 3. Output Offset Drift (RTO) vs. Gain 
Gain Noniinearity and Noise: Gain nonlinearity increases with 
gain as the device loop-gain decreases. Figure 4 is a plot of 
typical nonlinearity vs. gain. The shape of the curve can be 
safely used to predict worst-case nonlinearity at gains below 
100. Noise vs. gain is shown on the same graph. 
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Figure 4. Gain Nonlinearity and Noise (RTO) vs. Gain 

Common Mode Rejection: CMR is rated at ±10V and lkl2 
source imbalance. At lower gains, CMR depends mainly on 
thin-film resistor stability but due to gain-bandwidth consider- 
ations, is relatively constant with frequency to beyond 60Hz. 
The dc CMR improves with increasing gain and is increasingly 
subject to phase shifts in limited bandwidth high-gain ampli- 
fiers. Figure 5 illustrates CMR vs. Gain and Frequency. 

Dynamic Performance: Settling time and unity gain bandwidth 
are directly proportional to gain. As a result, dynamic perfor- 
mance can be predicted from the well-behaved curves of 
Figure 6. 
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Figure 5. Common Mode Rejection vs. Frequency and Gain 
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Figure 6. Small Signal Frequency Response (-3dB) 
SPECIAL APPLICATIONS 

Offset and Gain Trim: Gain accuracy depends largely on the 
quality of Rq. A precision resistor with a 10ppm/°C tempera- 
ture coefficient is advised. Offset, like gain, is laser-trimmed to 
a level suitable for most applications. If further adjustment is 
required, the circuit shown in Figure 1 is recommended. Note 
that good quality (25ppm) pots are necessary to maintain vol- 
tage drift specifications. 

CMR Trim: A short-term CMR improvement of up to lOdB at 
low gains can be realized with the circuit of Figure 2. Apply a 
low-frequency 20/G volt peak-to-peak input signal to both 
inputs through their equivalent source resistances and trim the 
pot for an ac output null . 

Sense Output: A sense output is provided to enable remote 
load sensing or use of an output current booster. Figure 7 illu- 
strates these applications. Being "inside the loop", booster 
drift errors are minimized. When not used, the sense output 
should be tied to the output. 




' (FOR OUTPUT 
AD741L "* LEVEL SHIFT) 

OR EQUIVALENT 



Figure 7. Output Current Booster and Buffered Output 

Level Shifter 
Reference Output: The reference terminal is provided to permit 
the user to offset or "level shift" the output level to a datum 
compatible with his load. It must be remembered that the total 
output swing is ±10 volts to be shared between signal and refer- 
ence offset. Furthermore, any reference source resistance will 
unbalance the CMR trim by the ratio lOk/Ri^f. For example, if 
the reference source impedance is 112, CMR will be reduced to 
80dB (10kr2/m = 10,000 = 80dB). A buffer amplifier can be 
used to eliminate this error, as shown in Figure 7, but the 
drift of the buffer will add to output offset drift. When not 
used, the reference terminal should be grounded. 
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ANALjOG 
DEVICES 



Precision Instrumentation Amplifier 




FEATURES 

Low Noise: 0.3)jiV p-p 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% (G = 1) 
High CMRR: 120dB (G = 1000) 
Low Offset Voltage: 50jjlV 
Low Offset Voltage Drift: O.SjjlV/X 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 10, 100, 1000 
Input Protection, Power On - Power Off 
No External Components Required 
Internally Compensated 

MIL-STD-883B, Chips, and Plus Parts Available 
16-Pin Ceramic DIP Package and 20-Terminal 
Leadless Chip Carriers Available 



AD524 FUNCTIONAL BLOCK DIAGRAM 




6 PREFERENCE 



PRODUCT DESCRIPTION 

The AD524 is a precision monolithic instrumentation amplifier 
designed for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding combina- 
tion of high linearity, high common mode rejection, low offset 
voltage drift, and low noise makes the AD524 suitable for use in 
many data acquisition systems. 

The AD524 has an output offset voltage drift of less than 25|xV/''C, 
input offset voltage drift of less than CSixV/X, CMR above 
90dB at unity gain (120dB at G = 1000) and maximufn nonlinearity 
of 0.003% at G = 1 . In addition to the outstanding dc specifications 
the AD524 also has a 25MHz gain bandwidth product (G = 
100). To make it suitable for high speed data acquisition systems 
the AD524 has an output slew rate of 5V/jjls and settles in IS^is 
to 0.01% for gains of 1 to 100. 

As a complete amplifier the AD524 does not require any external 
components for fixed gains of 1, 10, 100 and 1,000. For other 
gain settings between 1 and 1000 only a single resistor is required. 
The AD524 input is fully protected for both power on and 
power off fault conditions. 

The AD524 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical "A" grade, the low drift "B" grade and lower 
drift, higher linearity "C" grade are specified from - 25°C to 
+ 85°C. The "S" grade guarantees performance to specification 
over the extended temperature range - 55^ to + HSX. Devices 
are available in a 16-pin ceramic DIP package and a 20- terminal 
leadless chip carrier. 



PRODUCT HIGHLIGHTS 

1. The AD524 has guaranteed low offset voltage, offset voltage 
drift and low noise for precision high gain applications. 

2. The AD524 is functionally complete with pin programmable 
gains of 1, 10, 100 and 1000, and single resistor programmable 
for any gain. 

3. Input and output offset nulling terminals are provided for 
very high precision applications and to minimize offset voltage 
changes in gain ranging applications. 

4. The AD524 is input protected for both power on and power 
off fault conditions. 

5. The AD524 offers superior dynamic performance with a 
gain bandwidth product of 25MHz, full power response of 
75kHz and a settling time of 15|xs to 0.01% of a 20V step 
(G = 100). 
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16-Pin Ceramic (D- 16) 
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NOTES 

'See Section 16 for package outhne mformatin 

Specifications subject to change without notice 

Specifications shown in boldface are tested on all production units at final 

electrical test Results from those tests are used to calculate outgoing quality 

levels All min and max specifications are guaranteed, although onlv those 

shown in boldface are tested on all production units 



Ceramic (D) Package 



CONNECTION DIAGRAMS 

Leadless Chip Carrier (E) Package 
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Typical Characteristics 
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Figure 1. Input Voltage Range vs. 
Supply Voltage, G = 1 
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Figure 4. Quiescent Current vs. 
Supply Voltage 
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Figure 7. Input Bias Current vs. 
CMV 
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Figure 2. Output Voltage Swing vs. 
Supply Voltage 
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Figure 5. Input Bias Current vs. 
Supply Voltage 
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Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 6. Input Bias Current vs. 
Temperature 
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Figure 9. Gain vs. Frequency 
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Figure 10. CMRR vs. Frequency RTl, 
Zero to IkSource Imbalance 
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Figure 1 1. Large Signal Frequency 
Response 



Figure 12. Slew Rate vs. Gain 



Typical Characteristics 
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Figure 13. Positive PSRR vs. 
Frequency 
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Figure 16. Input Current Noise 



Figure 14. Negative PSRR vs. 
Frequency 
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Figure 17. Low Frequency Noise - 
G = 1 (System Gain = 1000) 
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Figure 15. RTI Noise Spectral 
Density vs. Gain 
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Figure 18. Low Frequency Noise - 
G = 1000 (System Gain = 100,000) 
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Figure 19. Settling Time Gain = 1 




Figure 20. Large Signal Pulse 
Response and Settling Time - 

G = 1 
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Figure 21. Settling Time Gain = 10 




Figure 22. Large Signal Pulse 
Response and Settling Time 
G= 10 
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Figure 23. Settling Time Gain = 100 




Figure 24. Large Signal Pulse 
Response and Settling Time 
G= 100 
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Figure 25. Settling Time Gain = 1000 




Figure 26. Large Signal Pulse Response and 
Settling Time G = 1000 




Figure 27. Settling Time Test Circuit 



Theory of Operation 



The AD524 is a monolithic instrumentation ampUfier based on 
the classic 3 op amp circuit. The advantage of monolithic con- 
struction is the closely matched components that enhance the 
performance of the input preamp. The preamp section develops 
the programmed gain by the use of feedback concepts. The 
programmed gain is developed by varying the value of Rg (smaller 
values increase the gain) while the feedback forces the collector 
currents Ql, Q2, Q3 and Q4 to be constant which impresses the 
input voltage across Rq. 

As Rg is reduced to increase the programmed gain, the trans- 
conductance of the input preamp increases to the transconductance 
of the input transistors. This has three important advantages. 
First, this approach allows the circuit to achieve a very high 
open loop gain of 3 x 10^ at a programmed gain of 1000 thus 
reducing gain related errors to a negligible 30ppm. Second, the 




Figure 28. Noise Test Circuit 




R55 REFERENCE 



Figure 29. Simplified Circuit of Amplifier; Gain is Defined as 
((R56 + R57)/(Ra) + 1. For a Gain of 7, Rg is an Open Circuit 

gain bandwith product which is determined by C3 or C4 and 
the input transconductance, reaches 25MHz. Third, the input 

voltage noise reduces to a value determined by the collector 

current of the input transistors for an RTI noise of 7nV/VHz at 
G = 1000. 

INPUT PROTECTION 

As interface amplifiers for data acquisition systems, instrumen- 
tation amphfiers are often subjected to input overloads, i.e., 
voltage levels in excess of the full scale for the selected gain 
range. At low gains, 10 or less, the gain resistor acts as a current 
limiting element in series with the inputs. At high gains the 
lower value of Rg will not adequately protect the inputs from 
excessive currents. Standard practice would be to place series 
hmiting resistors in each input, but to limit input current to 
below 5mA with a full differential overload (36V2 would require 
over 7k of resistance which would add lOnVVHz of noise. To 
provide both input protection and low noise a special series 
protect FET was used. 

A unique FET design was used to provide a bidirectional current 
limit, thereby, protecting against both positive and negative 
overloads. Under nonoverload conditions, three channels CH2, 
CH3, CH4, act as a resistance («lkft) in series with the input as 
before. During an overload in the positive direction, a fourth 
channel, CHi, acts as a small resistance («3kn) in series with 
the gate, which draws only the leakage current, and the FET 
Umits Idss- When the FET enhances under a negative overload, 
the gate current must go through the small FET formed by CHi 
and when this FET goes into saturation, the gate current is 
limited and the main FET will go into controlled enhancement. 
The bidirectional limiting holds the maximum input current to 
3mA over the 36V range. 
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Applying the AD524 



INPUT OFFSET AND OUTPUT OFFSET 

Voltage offset specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but there are many small- 
signal high-gain applications that don't have this capabiUty. 

Voltage offset and drift comprise two components each; input 
and output offset and offset drift. Input offset is that component 
of offset that is directly proportional to gain i.e., input offset as 
measured at the output at G = 100 is 100 times greater than at 
G = 1. Output offset is independent of gain. At low gains, 
output offset drift is dominant, while at high gains input offset 
drift dominates. Therefore, the output offset voltage drift is 
normally specified as drift at G = 1 (where input effects are 
insignificant), while input offset voltage drift is given by drift 
specification at a high gain (where output offset effects are neg- 
ligible). All input-related numbers are referred to the input 
(RTI) which is to say that the effect on the output is "G" times 
larger. Voltage offset vs. power supply is also specified at one or 
more gain settings and is also RTI. 

By separating these errors, one can evaluate the total error inde- 
pendent of the gain setting used. In a given gain configuration 
both errors can be combined to give a total error referred to the 
input (R.T.I.) or output (R.T.O.) by the following formula: 

Total Error R.T.I. = input error + (output error/gain) 
Total Error R.T.O. = (Gain x input error) + output error 

As an illustration, a typical AD524 might have a + 250(jlV output 
offset and a - 50|jlV input offset. In a unity gain configuration, 
the total output offset would be 200|xV or the sum of the two. 
At a gain of 100, the output offset would be - 4.75mV or: 
+ 250jjlV + 100(-50|jlV) = -4.75mV. 

The AD524 provides for both input and output offset adjustment. 
This simpUfies very high precision applications and minimize 
offset voltage changes in switched gain appUcations. In such 
applications the input offset is adjusted first at the highest pro- 
grammed gain, then the output offset is adjusted at G = 1 . 

GAIN 

The AD 524 has internal high accuracy pretrimmed resistors 
for pin programmable gain of 1, 10, 100 and 1000. One of 
the preset gains can be selected by pin strapping the appropri- 
ate gain terminal and RG2 together (for G = 1 RG2 is not 
connected). 



INPUT 
OFFSET 
NULL 




The AD524 can be configured for gains other than those that 
are internally preset; there are two methods to do this. The first 
method uses just an external resistor connected between pins 3 
and 16 which programs the gain according to the formula 

40k 

Rq = ^^ (see Figure 31). For best results Rg should be a 

G — 1 
precision resistor with a low temperature coefficient. An external 
Rq affects both gain accuracy and gain drift due to the mismatch 
between it and the internal ihin-film resistors. Gain accuracy is 
determined by the tolerance of the external Rg and the absolute 
accuracy of the internal resistors ( ± 20%). Gain drift is determined 
by the mismatch of the temperature coefficient of Rg and the 
temperature coefficient of the internal resistors ( - 50ppm/°C 

typ). 




G=^^+1 = 20±20% 

-Vs 

Figure 31. Operating Connections for G = 20 

The second technique uses the internal resistors in parallel with 
an external resistor (Figure 32). This technique minimizes the 
gain adjustment range and reduces the effects of temperature 
coefficient sensitivity. 




•R|g = io = *444 44« Y ^^^^ G = ;nn^S^^ + 1 = 20 ± 17% 

*R|g = iooo = 40M« 
•NOMINAL (±20%) 

Figure 32. Operating Connections for G = 20, Low Gain 
I.e. Technique 

The AD524 may also be configured to provide gain in the output 
stage. Figure 33 shows an H pad attenuator connected to the 
reference and sense lines of the AD524. Rl, R2 and R3 should 
be made as low as possible to minimize the gain variation and 
reduction of CMRR. Varying R2 will precisely set the gain 
without affecting CMRR. CMRR is determined by the match of 
Rl and R3. 




-INPUT 0— 






RG, 0— ^ 




G = 100— T 




G = 100 0— H 




G = lOOOf— 0— ( 


+ INPUT©— 


RG^L-o ( 



. _ (RzllWk) + R, + R3 
(RjIKOk) 



2.26kn 
\/ <R, + R2 + R3)||RL2:2k 



Figure 30. Operating Connections for G = 100 



Figure 33. Gain of 2000 
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Output 
Gain 

2 

5 

10 



R2 



R1,R3 



Nominal 
Gain 



5kll 2.26kn 2.02 
l.OSkn 2.05ka 5.01 
Ikft 4.42kn 10.1 



Table I. Output Gain Resistor Values 

INPUT BIAS CURRENTS 

Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. Bias currents are an additional 
source of input error and must be considered in an total error 
budget. The bias currents when multiplied by the source resistance 
appear as an offset voltage. What is of concern in calculating 
bias current errors is the change in bias current with respect to 
signal voltage and temperature. Input offset current is the dif- 
ference between the two input bias currents. The effect of offset 
current is an input offset voltage whose magnitude is the offset 
current times the source impedance imbalance. 

Although instrumentation amplifiers have differential inputs, 
there must be a return path for the bias currents. If this is not 
provided, those currents will charge stray capacitances, causing 
the output to drift uncontrollably or to saturate. Therefore, 
when amplifying "floating" input sources such as transformers 
and thermocouples, as well as ac-coupled sources, there must 
still be a dc path from each input to ground. 



COMMON-MODE REJECTION 

Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. "Common-Mode Re- 
jection Ratio" (CMRR) is a ratio expression while "Common-Mode 
Rejection" (CMR) is the logarithm of that ratio. For example, a 
CMRR of 10,000 corresponds to a CMR of 80dB. 

In an instrumentation amplifier, ac common-mode rejection is 
only as good as the differential phase shift. Degradation of ac 
common-mode rejection is caused by unequal drops across differing 
track resistances and a differential phase shift due to varied 
stray capacitances or cable capacitances. In many applications 
shielded cables are used to minimize noise. This technique can 
create common mode rejection errors unless the shield is properly 
driven. Figures 35 and 36 shows active data guards which are 
configured to improve ac common mode rejection by "bootstrap- 
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. 





Figure 35. Shield Driver, G^ 100 



TO POWER 
SUPPLY 
.^. GROUND 



a. Transformer Coupled 




Figure 36. Differential Shield Driver 
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-Vs 
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b. Thermocouple 




c. AC Coupled 

Figure 34. Indirect Ground Returns for Bias Currents 
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GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
grounds must be tied together at one point, usually at the system 
power-supply ground. Ideally, a single solid ground would be 
desirable. However, since current flows through the ground 
wires and etch stripes of the circuit cards, and since these paths 




HhHH' Hh' 



fS2^^mb-©l 



-'X DIGITAL 
)DATA 
/ OUTPUT 



TO MECCA AT ANALOG P S COMMON 



Figure 37. Basic Grounding Practice 



have resistance and inductance, hundreds of millivolts can be 
generated between the system ground point and the data acquisition 
components. Separate ground returns should be provided to 
minimize the current flow in the path from the sensitive points 
to the system ground point. In this way supply currents and 
logic-gate return currents are not summed into the same return 
path as analog signals where they would cause measurement 
errors. 

Since the output voltage is developed with respect to the potential 
on the reference terminal an instrumentation amplifier can solve 
many grounding problems. 

SENSE TERMINAL 

The sense terminal is the feedback point for the instrument 
ampHfier's output ampUfier. Normally it is connected to the 
instrument amplifier output. If heavy load currents are to be 
drawn through long leads, voltage drops due to current flowing 
through lead resistance can cause errors. The sense terminal can 
be wired to the instrument amplifier at the load thus putting the 
IxR drops "inside the loop" and virtually eliminating this error 
source. 




Figure 38. AD524 Instrumentation Amplifier with Output 

Current Booster 

Typically, IC instrumentation amplifiers are rated for a full 
± 10 volt output swing into 2kfl. In some apphcations, however, 
the need exists to drive more current into heavier loads. Figure 
38 shows how a high-current booster may be connected "inside 
the loop" of an instrumentation amplifier to provide the required 
current boost without significantly degrading overall performance. 
Nonlinearities, offset and gain inaccuracies of the buffer are 
minimized by the loop gain of the I A output amplifier. Offset 
drift of the buffer is similarly reduced. 

REFERENCE TERMINAL 

The reference terminal may be used to offset the output by up 
to ± lOV. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered 
that the total output swing is ± 10 volts to be shared between 
signal and reference offset. 




Figure 39. Use of Reference Terminal to Provide Output 
Offset 

When the lA is of the three-amplifier configuration it is necessary 
that nearly zero impedance be presented to the reference terminal. 



Any significant resistance from the reference terminal to ground 
increases the gain of the noninverting signal path thereby upsetting 
the common-mode rejection of the lA. 

In the AD524 a reference source resistance will unbalance the 
CMR trim by the ratio of 20kn/RREF- For example, if the reference 
source impedance is lO, CMR will be reduced to 86dB (20kn/ 
in = 86dB). An operational amplifier may be used to provide 
that low impedance reference point as shown in Figure 39. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in- 
strumentation amplifier. 

An instrumentation amplifier can be turned into a voltage-to-cur- 
rent converter by taking advantage of the sense and reference 
terminals as shown in Figure 40. 




Figure 40. Voltage-to-Curren t Con verter 

By establishing a reference at the "low" side of a current setting 
resistor, an output current may be defined as a function of 
input voltage, gain and the value of that resistor. Since only a 
small current is demanded at the input of the buffer amplifier 
A2, the forced current II will largely flow through the load. 
Offset and drift specifications of A2 must be added to the output 
offset and drift specifications of the lA. 

PROGRAMMABLE GAIN 

Figure 41 shows the AD524 being used as a software programmable 
gain amplifier. Gain switching can be accompHshed with mechani- 
cal switches such as DIP switches or reed relays. It should be 
noted that the "on" resistance of the switch in series with the 
internal gain resistor becomes part of the gain equation and will 
have an effect on gain accuracy. 




Figure 41. 3 Decade Gain Programmable Amplifier 
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The AD524 can also be connected for gain in the output stage. 
Figure 42 shows an AD547 used as an active attenuator in the 
output amphfier's feedback loop. The active attenuation presents 
a very low impedance to the feedback resistors therefore minimiz- 
ing the common rejection ratio degradation. 




A1 A2 A3 A4 



Figure 42. Programmable Output Gain 




Another method for developing the switching scheme is to use a 
DAC. The AD7528 dual DAC which acts essentially as a pair of 
switched resistive attenuators having high analog linearity and 
symmetrical bipolar transmission is ideal in this apphcation. 
The multiplying DAC's advantage is that it can handle inputs of 
either polarity or zero without affecting the programmed gain. 
The circuit shown uses an AD7528 to set the gain (DAC A) and 
to perform a fine adjustment (DAC B). 

AUTO-ZERO CIRCUITS 

In many applications it is necessary to provide very accurate 
data in high gain configurations. At room temperature the offset 
effects can be nulled by the use of offset trimpots. Over the 
operating temperature range, however, offset nulling becomes a 
problem. The circuit of Figure 44 show a CMOS DAC operating 
in the bipolar mode and connected to the reference terminal to 
provide software controllable offset adjustments. 




Figure 44. Software Controllable Offset 

In many applications complex software algorithms for auto-zero 
applications are not available. For those applications Figure 45 
provides a hardware solution. 



o-or1o 




Figure 43. Programmable Output Gain Using a DAC 



Figure 45. Auto-Zero Circuit 
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Error Budget Analysis 




Figure 46. Typical Bridge Application 



ERROR BUDGET ANALYSIS 

To illustrate how instrumentation amplifier specifications are 
applied, we will now examine a typical case where an AD524 is 
required to amplify the output of an unbalanced transducer. 
Figure 46 shows a differential transducer, unbalanced by lOOH, 
supplying a to 20mV signal to an AD524C. The output of the 
I A feeds a 14-bit A to D converter with a to 2 volt input 
voltage range. The operating temperature range is -25°C to 
+ 85°C. Therefore, the largest change in temperature AT within 
the operating range is from ambient to + 85°C (85°C — 25°C 
= 60°C). 

AD524C 



In many applications, differential linearity and resolution are of 
prime importance. This would be so in cases where the absolute 
value of a variable is less important than changes in value. In 
these applications, only the irreducible errors (45ppm = 0.004%) 
are significant. Furthermore, if a system has an intelligent pro- 
cessor monitoring the A to D output, the addition of a auto-gain/ 
auto-zero cycle will remove all reducible errors and may eliminate 
the requirement for initial caUbration. This will also reduce 
errors to 0.004%. 



Error Source 


Specification 


Gain Error 


±0.25% 


Gain Instability 


25ppm 


GainNonhnearity 


±0.003% 


Input Offset Voltage 


±50jjlV,RTI 


Input Offset Voltage Drift 


±0.5jjlV/°C 


Output Offset Voltage^ 


±2.0mV 


Output Offset Voltage Drift^ 


±25^jlV/°C 


Bias Current - Source 


±15nA 


Imbalance Error 




Bias Current - Source 


± lOOpA/X 


Imbalance Drift 




Offset Current - Source 


±10nA 


Imbalance Error 




Offset Current- Source 


± 100pA/°C 


Imbalance Drift 




Offset Current - Source 


±10nA 


Resistance -Error 




Offset Current - Source 


± 100pA/°C 


Resistance - Drift 




Common Mode Rejection 


115dB 


5Vdc 




Noise, RTI 




(0.1-lOHz) 


0.3fjLVp-p 



±0.25% = 2500ppm 
(25ppm/°C)(60X) = ISOOppm 
±0.003% = 30ppm 
±50^jLV/20mV= ±2500ppm 
(±0.5^jlV/°C)(60°C) = 30|xV 

30|xV/20mV = ISOOppm 
±2.0mV/20mV = lOOOppm 
(±25jjlV/°C)(60°C) = ISOOjjlV 

1500jjLV/20mV = 750ppm 
(±15nA)(100n)= I.Sm-V 

1.5|xV/20mV = 75ppm 
(± 100pArC)(100n)(60°C) = 0.6|xV 

0.6|xV/20mV = 30ppm 
(±10nA)(100a)= IjjlV 

l^,V/20mV = SOppm 
(100pA/°C)(100a)(60°C) = 0.6|xV 
0.6|xV/20mV = 30ppm 
(10nA)(175a) = 3.5jjlV 

3.5fjLV/20mV = 87.5ppm 
(100pArC)(175a)(60°C) = l|xV 
ljjLV/20mV = SOppm 
llSdB = 1.8ppm X SV = 8.8fjLV 
8.8M,V/20mV = 444ppm 

0.3jjLVp-p/20mV = ISppm 

Total Error 66S6.Sppm lOS 16.Sppm 

* Output offset voltage and output offset voltage drift are given as RTI figures. 

Table II. Error Budget Analysis of AD524CD in Bridge Application 



Effect on 


Effect on 




Absolute 


Absolute 


Effect 


Accuracy 


Accuracy 


on 


atTA = 25X 


atTA = 85X 


Resolution 


2S00ppm 


2S00ppm 


- 


- 


ISOOppm 


- 


- 


- 


30ppm 


2500ppm 


2S00ppm 


- 


_ 


ISOOppm 


- 


lOOOppm 


lOOOppm 


- 


- 


7S0ppm 


- 


7Sppm 


7Sppm 


- 


- 


30ppm 


- 


SOppm 


SOppm 


- 


- 


30ppm 


- 


87.Sppm 


87.Sppm 


- 


- 


SOppm 


- 


444ppm 


444ppm 


- 


- 


- 


ISppm 



4Sppm 
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Figure 47 shows a simple application, in which the variation of 
the cold-junction voltage of a Type J thermocouple-iron( + )- 
constantan- is compensated for by a voltage developed in series 
by the temperature-sensitive output current of an ADS 90 
semiconductor temperature sensor. 

The circuit is calibrated by adjusting Rt for proper output 
voltage with the measuring junction at a known reference tem- 



perature and the circuit near 25°C. If resistors with low tempcos 
are used, compensation accuracy will be to within ±>0.5°C, for 
temperatures between + 15°C and +35°C. Other thermocouple 
types may be accommodated with the standard resistance values 
shown in the table. For other ranges of ambient temperature, 
the equation in the figure may be solved for the optimum values 
of Rt and Ra- 




MEASURING 
JUNCTION 



Figure 47. Cold-Junction Compensation 



The microprocessor controlled data acquisition system shown in 
Figure 48 includes both auto-zero and auto-gain capability. By 
dedicating two of the differential inputs, one to ground and one 
to the A/D reference, the proper program calibration cycles can 
eliminate both initial accuracy errors and accuracy errors over 
temperature. The auto-zero cycle, in this application, converts a 



number that appears to be ground and then writes that same 
number (8 bit) to the AD7524 which eliminates the zero error 
since its output has an inverted scale. The auto-gain cycle converts 
the A/D reference and compares it with full scale. A multiplicative 
correction factor is then computed and applied to subsequent 
readings. 




»K^ 



ii 



ADDRESS BUS 



MICRO- 
PROCESOR 



Figure 48. Microprocessor Controlled Data Acquisition System 
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ANALOG 
DEVICES 



Software Programmable 
Gain Amplifier 



AD526 



FEATURES 

Digitally Programmable Binary Gains from 1 to 16 

Two-Chip Cascade Mode Achieves Binary Gain from 

1 to 256 
Gain Error: 

0.01% max. Gain = 1, 2, 4 (C Grade) 

0.02% max. Gain = 8, 16 (C Grade) 

0.5ppm/X Drift Over Temperature 
Fast Settling Time 

10V Signal Change. - 
0.01% in 4.5»JLS (Gain = 16) 

Gain Change: 
0.01% in 5.6(jis (Gain = 16) 
Low Nonlinearity: ±0.005% FSR max (J Grade) 
Excellent dc Accuracy: 

Offset Voltage: 0.5mV max (C Grade) 

Offset Voltage Drift: 3jjiV/X (C Grade) 
TTL Compatible Digital Inputs 

PRODUCT DESCRIPTION 

The AD526 is a single-ended, monolithic software programmable 
gain amplifier (SPGA) that provides gains of 1, 2, 4, 8 and 16. 
It is complete, including amplifier, resistor network and 
TTL-compatible latched inputs, and requires no external 
components. 

Low gain error and low nonlinearity make the AD526 ideal for 
precision instrumentation applications requiring programmable 
gain. The small signal bandwidth is 350kHz at a gain of 16. In 
addition, the AD526 provides excellent dc precision. The FET- 
input stage results in a low bias current of 50pA. A guaranteed 
maximum input offset voltage of 0.5mV max (C grade) and low 
gain error (0.01%, G= 1, 2, 4, C grade) are accomplished using 
Analog Devices' laser trimming technology. 

To provide flexibility to the system designer, the AD526 can be 
operated in either latched or transparent mode. The force/sense 
configuration preserves accuracy when the output is connected 
to remote or low impedance loads. 

The AD526 is offered in one commercial (0 to -f-70°C) grade, J, 
and three industrial grades. A, B and C, which are specified 
from -40°C to +85°C. The S grade is specified from -55°C to 
+ 125°C. The military version is available processed to MIL-STD 
883B, Rev C. The J grade is supplied in a 16-pin plastic DIP, 
and the other grades are offered in a 16-pin hermetic side-brazed 
ceramic DIP. 



AD526 PIN CONFIGURATION 



DIG GND [V 

NULL [^ 

V,N [T 

NULL [T 

ANALOG GND 2 [T| 

ANALOG GND 1 [7] 

-Vs [T 

VouT SENSE [T 



"V>^ 



AD526 

TOP VIEW 
(Not to Scale) 



16^ A1 


15^ AO 


J4 1 CS 


13 1 CLK 


ID A2 


TTI B 


jo] +Vs 


9] VouT FORCE 



APPLICATION HIGHLIGHTS 

1. Dynamic Range Extension for ADC Systems: A single 
AD526 in conjunction with a 12-bit ADC can provide 96dB 
of dynamic range for ADC systems. 

2. Gain Ranging Pre-Amps: The AD526 offers complete digital 
gain control with precise gains in binary steps from 1 to 16. 
Additional gains of 32, 64, 128 and 256 are possible by cascading 
two AD526S. 



INSTRUMENTATION AMPLIFIERS 4-37 



ortuiribHiiur 


lO (@ Vs 


= ±15Y, Rl = 2kllanclTA 


= +25**C unless otheiwise specified) 






AD526J 




AD526A 




AD526B/S 


AD526C 




Model 


Min Typ 


Max 


Min Typ 


Max 


Min Typ Max 


Min Typ Max 


Units 


GAIN 
















Gam Range 
















(Digitally Programmable) 


1,2,4,8, 


16 


1,2,4,8, 


16 


1,2,4,8,16 


1,2,4,8,16 




Gain Error 
















G= 1 




0.05 




0.02 


0.01 


0.01 


% 


G = 2 




0.05 




0.03 


0.02 


0.01 


% 


G = 4 




0.10 




0.03 


0.02 


0.01 


% 


G-8 




0.15 




0.07 


0.04 


0.02 


% 


G- 16 




0.15 




0.07 


0.04 


0.02 


% 


Gain Error Drift 
















Over Temperature 
















G= 1 


0.5 


2.0 


0.5 


2.0 


0.5 2.0 


0.5 2.0 


ppm/°C 


G = 2 


0.5 


2.0 


0.5 


2.0 


0.5 2.0 


0.5 2.0 


ppm/°C 


G = 4 


0.5 


3.0 


0.5 


3.0 


0.5 3.0 


0.5 3.0 


ppm/°C 


G = 8 


0.5 


5.0 


0.5 


5.0 


0.5 5.0 


0.5 5.0 


ppm/°C 


G=16 


1.0 


5.0 


1.0 


5.0 


1.0 5.0 


1.0 5.0 


ppm/°C 


, Gain Error (Tm,n to T^ax) 
















G= 1 




0.06 




0.03 


0.02 


0.015 


% 


G = 2 




0.06 




0.04 


0.03 


0.015 


% 


G = 4 




0.12 




0.04 


0.03 


0.015 


% 


G = 8 




0.17 




0.08 


0.05 


0.03 


% 


G = 16 




0.17 




0.08 


0.05 


0.03 


% 


Nonlinearity 
















G=l 




0.005 




0.005 


0.005 


0.0035 


%FSR 


G = 2 




0.001 




0.001 


0.001 


0.001 


%FSR 


G = 4 




0.001 




0.001 


0.001 


0.001 


%FSR 


G-8 




0.001 




0.001 


0.001 


0.001 


%FSR 


G= 16 




0.001 




0.001 


0.001 


0.001 


%FSR 


Nonlmearity (Tnun to T^ax) 
















G=l 




0.01 




0.01 


0.01 


0.007 


% FSR 


G = 2 




0.001 




0.001 


0.001 


0.001 


%FSR 


G = 4 




0.001 




0.001 


0.001 


0.001 


%FSR 


G = 8 




0.001 




0.001 


0.001 


0.001 


%FSR 


G= 16 




6.001 




0.001 


0.001 


0.001 


%FSR 


VOLTAGE OFFSET, ALL GAINS 
















Input Offset Voltage 


0.4 


1.5 


0.25 


0.7 


0.25 0.5 


0.25 0.5 


mV 


Input Offset Voltage Drift Over 
















Temperature 


5 


20 


3 


10 


3 10 


3 10 


fxV/°C 


Input Offset Voltage 
















Tmint0T„,ax 




2.0 




1.0 


0.8 


0.8 


mV 


Input Offset Voltage vs. Supply 
















(Vs ± 10%) 


80 




80 




84 


90 


dB 


INPUT BIAS CURRENT 
















Over Input Voltage Range ± lOV 


50 


150 


50 


150 


50 150 


50 150 


pA 


ANALOG INPUT 
















CHARACTERISTICS 
















Voltage Range 
















(Linear Operation) 


±10 ±12 




±10 ±12 




±10 ±12 


±10 ±12 


V 


Capacitance 


5 




5 




5 


5 


pF 


RATED OUTPUT 
















Voltage 


±10 ±12 




±10 ±12 




±10 ±12 


±10 ±12 


V 


Current(VouT=±10V) 


±5 ±10 




±5 ±10 




±5 ±10 


±5 ±10 


mA 


Short-Circuir Current 


15 30 




15 30 




15 30 


15 30 


mA 


DC Output Resistance 


0.002 




0.002 




0.002 


0.002 


n 


Load Capacitance 
















(For Stable Operation) 


700 




700 




700 


700 


pF 


NOISE, ALL GAINS 
















Voltage Noise, RTI 
















O.lHztolOHz 


3 




3 




3 


3 


liVp-p 


Voltage Noise Density, RTI 
















f = lOHz 


70 




70 




70 


70 


nvvm 


f = lOOHz 


60 . 




60 




60 


60 


nVVHi 


f- IkHz 


30 




30 




30 


30 


nVVHz 


f = lOkHz 


25 




25 




25 


25 


nVVHi 
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AD526J 






AD526A 






AD526B/S 




AD526C 






Model 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ Max 


Min 


Typ 


Max 


Units 


DYNAMIC RESPONSE 


























- 3dB Bandwidth (Small Signal) 


























G=l 




4.0 






4.0 






4.0 




4.0 




MHz 


G = 2 




2.0 






2.0 






2.0 




2.0 




MHz 


G = 4 




1.5 






1.5 






1.5 




1.5 




MHz 


= 8 




0.65 






0.65 
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PACKAGE OPTIONS^ 


























Plastic (N- 16) 


AD526JN 






















Ceramic DIP (D- 16) 








AD526AD 




AD526BD AD526SD 




AD526CD 




















AD526SD/883B 











NOTE 

'Refer to Figure 35 for definitions. 

FSR = Full-Scale Range = 20V 

RTI = Referred to Input. 
^See Section 16 for package outline information. 



Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test All mm and max specifications are guaranteed, although only 
those shown in boldface are tested on all production units. 
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Typical Characteristics 
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Figure 1. Output Voltage vs. Supply 
Voltage, G=16 
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Figure 4. Input Bias Current vs. 
Temperature 
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Figure 2. Output Voltage Swing vs. 
Resistive Load 
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Figure 5. Input Bias Current vs. 
Input Voltage 
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Figure 3. Input Bias Current vs. 
Supply Voltage 
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Figure 6. Gain vs. Frequency 
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Figure 7. Large Signal Frequency 
Response 
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Figure 8. PSRR vs. Frequency 
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Figure 9. Normalized Gain vs. 
Temperature, Gain = 1 
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Figure 10. Noise Spectral Density 



Figure 1 1. Nonlinearity vs. 
Temperature, Gain = 1 



Figure 12. Wideband Output Noise, 
G=16 (Amplified by 10) 
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Figure 13. Large Signal Pulse 
Response and Settling Time*, G= 1 



Figure 14. Small Signal Pulse 
Response, G=1 



Figure 15. Large Signal Pulse 
Response and Settling Time*, G=2 






Figure 16. Small Signal Pulse 
Response, G=2 



Figure 17. Large Signal Pulse 
Response and Settling Time*, G = 



Figure 18. Small Signal Pulse 
Response, G=4 






Figure 19. Large Signal Pulse 
Response and Settling Time*, G=8 



Figure 20. Small Signal Pulse 
Response, G=8 



Figure 21. Large Signal Pulse 
Response and Settling Time*, 
G=16 
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Figure 22. Small Signal Pulse 
Response, Gain =16 



Figure 23. Total Harmonic Distortion 
vs. Frequency, Gain = 16 



*For Settling Time Traces, 0.01% = 1/2 Vertical Division 



Figure 24. Phase Distortion vs. 
Frequency, Gain = 16 
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figure 25. Output Impedance vs. 
Frequency 
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Figure 26. Gain Change Settling 
Time*, Gain Change: 1 to 2 




Figure 27. Gain Change Settling 
Time*, Gain Change 1 to 4 
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*Scope Traces are: 
Top: Output Transition 
Middle: Output Settling 
Bottom: Digital Input 



Figure 28. Gain Change Settling 
Time*, Gain Change 1 to 8 



Figure 29. Gain Change Settling 
Time*, Gain Change 1 to 16 
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Figure 30. Wideband Noise Test Circuit 
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Figure 31. Settling Time Test Circuit 
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Theory of Operation 



THEORY OF OPERATION 

The AD526 is a complete software programmable gain amplifier 
(SPGA) implemented monolithically with a drift-trimmed BiFET 
amplifier, a laser wafer trimmed resistor network, JFET analog 
switches and TTL compatible gain code latches. 

A particular gain is selected by applying the appropriate gain 
code (see Table I) to the control logic. The control logic turns 
on the JFET switch that connects the correct tap on the gain 
network to the inverting input of the amplifier; all unselected 
JFET gain switches are off (open). The "on" resistance of the 
gain switches causes negligible gain error since only the ampUfier's 
input bias current, which is less than 150pA, actually flows 
through these switches. 

The AD526 is capable of storing the gain code, (latc hed m ode), 
B, AO, Al, A2, under the direction of control inputs CLK and 
CS. Alternatively, the AD526 can respond directly to gain code 
changes if the control inputs are tied low (transparent mode). 

For gains of 8 and 16, a fraction of the frequency compensation 
capacitance (CI in Figure 32) is automatically switched out of 
the circuit. This increases the amplifier's bandwidth and improves 
its signal settling time and slew rate. 




Figure 32. Simplified Schematic of tfie AD526 



TRANSPARENT MODE OF OPERATION 

In the transparent mode of operation, the AD526 will respond 
directly to level changes at the gain c ode inputs (AO, Al, A2) if 
B is tied high and both CS and CLK are allowed to float low. 

After the gain codes are changed, the AD526's output voltage 
typically requires 5.5(xs to settle to within 0.01% of the final 
value. Figures 26 to 29 show the performance of the AD526 for 
positive gain code changes. 




f*VouT 



LATCHED MODE OF OPERATION 

The latched mode of operation is shown in Figure 34. When 
either CS or CLK go to a logic "1," the gain code (AO, Al, A2, 
B) s ignals are latched into the registers and h eld until both CS 
and CLK retum^to " 0." Un used CS or CLK inputs should be tied 
to ground. The CS and CLK inputs are functionally and electrically 
equivalent. 
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Figure 33. Transparent Mode 



Figure 34. Latched Mode 
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TIMING AND CONTROL 
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Latched 


1 X 


X 


1 




16 


Latched 



NOTE: X = Don't Care 

Table I. AD526 Logic Input Truth Table 



The specifications on page 3 in combination with Figure 35 give 
the timing requirements for loading new gain codes. 



GAIN CODE 
INPUTS 



>c 



y(^ 



-\. 



Ts-^«— Th-*| 



Tc = MINIMUM CLOCK CYCLE NOTE THRESHOLD LEVEL FOR 
Ts = DATA SETUP TIME G AIN.CODE, CS, 

Th = DATA HOLD TIME AND CLK IS 1.4V 



DIGITAL FEEDTHROUGH 

With either CS or CLK or both held high, the AD526 gain 
state will remain constant regardless of the transitions at the AO, 
Al, A2 or B inputs. However, high-speed logic transitions will 
unavoidably feed through to the analog circuitry within the 
AD526 causing spikes to occur at the signal output. 

This feedthrough effect can be completely eliminated by operating 
the AD526 in the transparent mode and latching the gain code 
in an external bank of latches (Figure 36). 

To operate the AD526 using serial inputs, the configuration 
shown in Figure 36 can be used with the 74LS174 replaced by a 
serial-in/parallel-out latch, such as the 54LS594. 



Figure 35. AD526 Timing 
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Figure 36. Using an External Latch to Minimize Digital 
Feedthrough 
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GROUNDING AND BYPASSING 

Proper signal and grounding techniques must be applied in 
board layout so that specified performance levels of precision 
data acquisition components, such as the AD526, are not 
degraded. 

As is shown in Figure 37, logic and signal grounds should be 
separate. By connecting the signal source ground locally to the 
AD526 analog ground Pins 5 and 6, gain accuracy of the AD526 
is maintained. This ground connection should not be corrupted 
by currents associated with other elements within the system. 

Utilizing the force and sense outputs of the AD526, as shown in 
Figure 38, avoids signal drops along etch runs to low impedance 
loads. 




CASCADED OPERATION 

A cascade of two AD526s can be used to achieve binarily weighted 
gains from 1 to 256. If gains from 1 to 128 are needed, no additional 
components are required. This is accomplished by using the B 
pin as shown in Figure 38. When the B pin is low, the AD526 
is held in a unity gain stage independent of the other gain code 
values. 
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Table II. Logic Table for Figure 38 



Figure 37. Grounding and Bypassing 
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Figure 38. Cascaded Operation 



INSTRUMENTATION AMPLIFIERS 4-45 



OFFSET NULLING 

Input voltage offset nulling of the AD526 is best accomplished 
at a gain of 16, since the referred- to-input (RTI) offset is amplified 
the most at this gain and therefore is most easily trimmed. The 
resulting trimmed value of RTI voltage offset typically varies 
less than 3|xV across all gain ranges. 

Note that the low input current of the AD526 minimizes RTI 
voltage offsets due to source resistance. 
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Figure 39. Offset Voltage Null Circuit 

OUTPUT CURRENT BOOSTER 

The AD526 is rated for a full ± lOV output voltage swing into 
2kfl. In some applications, the need exists to drive more current 
into heavier loads. As shown in Figure 40, a high current booster 
may be connected "inside the loop" of the SPGA to provide the 
required current boost without significantly degrading overall 
performance. Nonlinearities, offset and gain inaccuracies of the 
buffer are minimized by the loop gain of the AD526 output 
amplifier. 



OFFSET NULLING WITH A D/A CONVERTER 

Figure 41 shows the AD526 with offset nulling accompHshed 
with an 8-bit D/A converter (AD7524) circuit instead of the 
potentiometer shown in Figure 39. The cahbration procedure is 
the same as before except that instead of adjusting the poten- 
tiometer, the D/A converter corrects for the offset error. This 
calibration circuit has a number of benefits in addition to elimi- 
nating the trimpot. The most significant benefit is that calibration 
can be under the control of a microprocessor and therefore can 
be implemented as part of an autocalibration scheme. Secondly, 
dipswitches or RAM can be used to hold the 8-bit word after its 
value has been determined. In Figure 42 the offset null sensitivity, 
at a gain of 16, is 80|jlV per LSB of adjustment, which guarantees 
dc accuracy to the 16-bit performance level. 
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Figure 41. Offset Nulling Using a DAC 




Figure 40. Current Output Boosting 
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Applications 



FLOATING-POINT CONVERSION 

High resolution converters are used in systems to obtain high 
accuracy, improve system resolution or increase dynamic range. 
There are a number of high resolution converters available with 
throughput rates of 66.6kHz that can be purchased as a single 
component solution; however in order to achieve higher 
throughput rates, alternative conversion techniques must be 
employed. A floating point A/D converter can improve both 
throughput rate and dynamic range of a system. 

In a floating point A/D converter (Figure 42), the output data is 
presented as a 16-bit word, the lower 12 bits from the A/D 
converter form the mantissa and the upper 4 bits from the digital 
signal used to set the gain form the exponent. The AD526 pro- 
granmiable gain ampUfier in conjimction with the comparator 
circuit scales the input signal to a range between half scale and 
full scale for the maximum usable resolution. 

The A/D converter diagrammed in Figure 42 consists of a pair 
of AD585 sample/hold amplifiers, a flash converter, a five-range 
programmable gain amplifier (the AD526) and a fast 12-bit A/D 
converter (the AD7572). The floating-point A/D converter achieves 
its high throughput rate of 125kHz by overlapping the acquisition 
time of the first sample/hold amplifier and the settling time of 
the AD526 with the conversion time of the A/D converter. The 
first sample/hold amplifier holds the signal for the flash autoranger. 



which determines which binary quantum the input falls within, 
relative to full scale. Once the AD526 has settled to the appropriate 
level, then the second sample/hold amplifier can be put into 
hold which holds the amplified signal while the AD7572 performs 
its conversion routine. The acquisition time for the ADS 85 is 
3fjis, and the conversion time for the AD7572 is 5fjLS for a total 
of 8|xs, or I25kHz. This performance reUes on the fast settling 
characteristics of the AD526 after the flash autoranging (com- 
parator) circuit quantizes the input signal. A 16-bit register 
holds the 3-bit output from the flash autoranger and the 12-bit 
output of the AD7572. 

The A/D converter in Figure 42 has a dynamic range of 96dB. 
The dynamic range of a converter is the ratio of the full-scale 
input range to the LSB value. With a floating-point A/D converter 
the smallest value LSB corresponds to the LSB of the monolithic 
converter divided by the maximum gain of the PGA. The floating 
point A/D converter has a full-scale range of 5V, a maximum 
gain of 16V/V from the AD526 and a 12-bit A/D converter; this 
produces: 

LSB = ([FSR/2N]/Gain) = ([5V/4096]/16) = 76jjlV. The dynamic 
range in dBs is based on the log of the ratio of the full-scale 
input range to the LSB; dynamic range = 201og(5V/76|JLV) = 
96dB. 




Figure 42. Floating-Point A/D Converter 
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HIGH ACCURACY A/D CONVERTERS 

Very high accuracy and high resolution floating-point A/D con- 
verters can be achieved by the incorporation of offset and gain 
calibration routines. There are two techniques commonly used 
for calibration, a hardware circuit as shown in Figure 43 and/or 
a software routine. In this application the microprocessor is 
fimctioning as the autoranging circuit, requiring software over- 
head; therefore, a hardware cahbration technique was apphed 
which reduces the software burden. The software is used to set 
the gain of the AD526. In operation the signal is converted, and 
if the MSB of the AD574 is not equal to a logical 1, the gain is 
increased by binary steps, up to the maximum gain. This maximizes 
the full-scale range of the conversion process and insures a wide 
dynamic range. 

The cahbration technique uses two point correction, offset and 
gain. The hardware is simpHfied by the use of programmable 
magnitude comparators, the 74ALS528s, which can be "burned" 



for a particular code. In order to prevent under or over range 
hunting during the calibration process, the reference offset and 
gain codes should be different from the endpoint codes. A cali- 
bration cycle consists of selecting whether gain or offset is to be 
calibrated then selecting the appropriate multiplexer channel to 
apply the reference voltage to the signal channel. Once the 
operation has been initiated, the counter, a 74ALS869, drives 
the D/A converter in a hnear fashion providing a small correction 
voltage to either the gain or offset trim point of the AD574. 
The output of the A/D converter is then compared to the value 
preset in the 74ALS528 to determine a match. Once a match is 
detected, the 74ALS528 produces a low going pulse which stops 
the counter. The code at the D/A converter is latched until the 
next calibration cycle. Cahbration cycles are under the control 
of the microprocessor in this application and should be imple- 
mented only during periods of converter inactivity. 
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Figure 43. High Accuracy A/D Converter 
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ANALjOG 
DEVICES 



Precision Instrumentation Amplifier 




FEATURES 

Low Noise: 0.2»iV p-p 0.1Hz to 10Hz 

Low Gain TC: 5ppm max (G = 1) 

Low Noniinearity: 0.001% max (G = 1 to 200) 

High CIVIRR: 130dB min (G = 500 to 1000) 

Low Input Offset Voltage: 25|jiV, max 

Low Input Offset Voltage Drift: 0.25|jiV/^C max 

Gain Bandwidth Product: 25MHz 

Pin Programmable Gains of 1, 100, 200, 500, 1000 

No External Components Required 

Internally Compensated 



AD624 FUNCTIONAL BLOCK DIAGRAM 




PRODUCT DESCRIPTION 

The AD624 is a high precision low noise instrumentation amplifier 
designed primarily for use with low level transducers, including 
load cells, strain gauges and pressure transducers. An outstanding 
combination of low noise, high gain accuracy, low gain temperature 
coefficient and high linearity make the AD624 ideal for use in 
high resolution data acquisition systems. 

The AD624C has an input offset voltage drift of less than 0.25jjlV/ 
°C, output offset voltage drift of less than 10|xV/''C, CMRR 
above 80dB at unity gain (130dB at G = 500) and a maximum 
noniinearity of 0.001% at G= 1. In addition to these outstanding 
dc specifications the AD624 exhibits superior ac performance as 
well. A 25MHz gain bandwidth product, 5V/|xs slew rate and 
15|xs settling time permit the use of the AD624 in high speed 
data acquisition appUcations. 

The AD624 does not need any external components for pre- 
trinmied gains of 1, 100, 200, 500 and 1000. Additional gains 
such as 250 and 333 can be programmed within one percent 
accuracy with external jumpers. A single external resistor can 
also be used to set the 624*s gain to any value in the range of 1 
to 10,000. 



PRODUCT HIGHLIGHTS 

1. The AD624 offers outstanding noise performance. Input 
noise is typically less than 4nV/VHz at IkHz. 

2. The AD624 is a functionally complete instnmientation am- 
plifier. Pin programmable gains of 1, 100, 200, 500 and 1000 
are provided on the chip. Other gains are achieved through 
the use of a single external resistor. 

3. The offset voltage, offset voltage drift, gain accuracy and 
gain temperature coefficients are guaranteed for all pre- trimmed 
gains. 

4. The AD624 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effect of offset voltage in gain ranging 
applications. 

5. A sense terminal is provided to enable the user to minimize 
the errors induced through long leads. A reference terminal 
is also provided to permit level shifting at the output. 
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Typical Characteristics 
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Figure 1. Input Voltage Range vs. 
Supply Voltage, G = 1 
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Supply Voltage 
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Figure 10. CMRR vs. Frequency RTI, 
Zero to Ik Source Imbalance 
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SUPPLY VOLTAGE - ±V 



Figure 2. Output Voltage Swing vs. 
Supply Voltage 
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Figure 5. Input Bias Current vs. 
Supply Voltage 
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Figure 1 1. Large Signal Frequency 
Response 
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Figure 3. Output Voltage Swing vs. 
Resistive Load 
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Figure 6. Input Bias Current vs. 
Temperature 
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Figure 9. Gain vs. Frequency 
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Figure 12. Positive PSRR vs. 
Frequency 
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Figure 13. Negative PSRR vs. 
Frequency 
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Figure 16. Low Frequency Voltage 
Noise- G = 1 (System Gain = 1000) 




Figure 19. Large Signal Pulse 
Response and Settling Time - 
G = 1 
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Figure 14. RTI Noise Spectral 
Density vs. Gain 






Figure 17. Low Frequency Voltage 
Noise - G = 1000 (System Gain = 
100,000) 
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Figure 15. Input Current Noise 
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Figure 18. Settling Time Gain = 1 




Figure 20. Settling Time Gain = 100 



Figure 2 1 . Large Signal Pulse 
Response and Settling Time 
G= 100 




Figure 22. Range Signal Pulse 
Response and Settling Time 
G = 500 
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Figure 23. Settling Time Gain = 1000 



Figure 24. Large Signal Pulse 
Response and Settling Time 
G = 1000 
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Figure 25. Settling Time Test Circuit 



Theory of Operation 



The AD624 is a monolithic instrumentation amplifier based on 
a modification of the classic three-op-amp instrumentation am- 
plifier. Monolithic construction and laser- wafer-trimming allow 
the tight matching and tracking of circuit components and the 
high level of performance that this circuit architecture is capable 
of. 

A preamp section (Q1-Q4) develops the programmed gain by 
the use of feedback concepts. Feedback from the outputs of Al 
and A2 forces the collector currents of Q1-Q4 to be constant 
thereby impressing the input voltage across Rq. 

The gain is set by choosing the value of Rg from the equation. 
Gain =^ + 1. The value of Rq also sets the transconductance 
of the input preamp stage increasing it asymptotically to the 
transconductance of the input transistors as Rq is reduced for 
larger gains. This has three important advantages. First, this 
approach allows the circuit to achieve a very high open loop 
gain of 3 X 10^ at a programmed gain of 1000 thus reducing gain 
related errors to a neghgible 3ppm. Second, the gain bandwidth 
product which is determined by C3 or C4 and the input trans- 
conductance, reaches 25MHz. Third, the input voltage noise 
reduces to a value determined by the collector current of the 
input transistors for an RTI noise of 4nV/VHz at G ^ 500. 
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Figure 26. Noise Test Circuit 

INPUT CONSIDERATIONS 

Under input overload conditions the user will see Rg+ lOOO 
and two diode drops (~I.2V) between the plus and minus inputs, 
in either direction. If safe overload current under all conditions 
is assumed to be 10mA, the maximum overload voltage is ~ ± 2.5V. 
While the AD624 can withstand this continuously, momentary 
overloads of ± lOV will not harm the device. On the other hand 
the inputs should never exceed the supply voltage. 




Figure 27. Simplified Circuit of Amplifier; Gain is Defined as 
((R56 + R57)/(Rg) + 1. For a Gain of 7, Rg is an Open Circuit 

The AD524 should be considered in applications that require 
protection from severe input overload. If this is not possible, 
external protection resistors can be put in series with the inputs 
of the AD624 to augment the internal (500) protection resistors. 
This will most seriously degrade the noise performance. For this 
reason the value of these resistors should be chosen to be as low 
as possible and still provide 10mA of current limiting under 
maximum continuous overload conditions. In selecting the value 
of these resistors, the internal gain setting resistor and the 1.2 
volt drop need to be considered. For example, to protect the 
device from a continuous differential overload of 20V at a gain 
of 100, 1.9kn of resistance is required. The internal gain resistor 
is 4040; the internal protect resistor is 100ft. There is a 1.2V 
drop across Dl or D2 and the base-emitter junction of either 
Ql and Q3 or Q2 and Q4 as shown in Figure 27, 1400ft 
of external resistance would be required (700ft in series with 
ea ch input). The RTI nois e in this case would be 
V4KTRext. + (4nV/VHz)2 = 6.2nV/VHz. 

INPUT OFFSET AND OUTPUT OFFSET 

Voltage offset specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but there are many small- 
signal high-gain applications that don't have this capability. 

Voltage offset and offset drift each have two components; input 
and output. Input offset is that component of offset that is 



4^54 INSTRUMENTATION AMPLIFIERS 



Applying the AD624 



directly proportional to gain i.e., input offset as measured at the 
output at G = 100 is 100 times greater than at G = 1. Output 
offset is independent of gain. At low gains, output offset drift is 
dominant, while at high gains input offset drift dominates. 
Therefore, the output offset voltage drift is normally specified 
as drift at G = 1 (where input effects are insignificant), while 
input offset voltage drift is given by drift specification at a high 
gain (where output offset effects are negligible). All input-related 
numbers are referred to the input (RTI) which is to say that the 
effect on the output is "G" times larger. Voltage offset vs. power 
supply is also specified at one or more gain settings and is also 
RTI. 

By separating these errors, one can evaluate the total error inde- 
pendent of the gain setting used. In a given gain configuration 
both errors can be combined to give a total error referred to the 
input (R.T.I.) or output (R.T.O.) by the following formula: 

Total Error R.T.I. = input error + (output error/gain) 
Total Error R.T.O. = (Gain x input error) + output error 

As an illustration, a typical AD624 might have a + 250|xV output 
offset and a - 50|jlV input offset. In a unity gain configuration, 
the total output offset would be 200|xV or the sum of the two. 
At a gain of 100, the output offset would be - 4.75mV or: 
+ 250|xV + 100(-50jjlV) = -4.75mV. 

The AD624 provides for both input and output offset adjustment. 
This optimizes nulling in very high precision applications and 
minimizes offset voltage effects in switched gain applications. In 
such applications the input offset is adjusted first at the highest 
programmed gain, then the output offset is adjusted at G = 1. 

GAIN 

The AD624 includes high accuracy pre-trimmed internal gain 
resistors. These allow for single connection programming of 
gains of 1, 100, 200 and 500. Additionally, a variety of gains 
including a pre-trimmed gain of 1000 can be achieved through 
series and parallel combinations of the internal resistors. Table I 
shows the available gains and the appropriate pin connections 
and gain temperature coefficients. 

The gain values achieved via the combination of internal resistors 
are extremely useful. The temperature coefficient of the gain is 
dependent primarily on the mismatch of the temperature coeffi- 
cients of the various internal resistors. Tracking of these resistors 
is extremely tight resulting in the low gain TC's shown in 
Table I. 

If the desired value of gain is not attainable using the internal 
resistors, a single external resistor can be used to achieve any 
gain between 1 and 10,000. This resistor connected between 





Temperature 






Gain 


Coefficient 


Pin 3 




(Nominal) 


(Nominal) 


to Pin 


Connect Pins 


1 


-1.5ppmrC 


- 


- 


100 


- 1.5ppm/°C 


13 


- 


125 


- 5ppm/°C 


13 


11 to 16 


137 


-5.5ppm/°C 


13 


11 to 12 


186.5 


-6.5ppm/°C 


13 


11 to 12 to 16 


200 


-3.5ppm/°C 


12 


- 


250 


-5.5ppm/°C 


12 


11 to 13 


333 


- 15ppm/°C 


12 


Jltol6 


375 


-0.5ppm/°C 


12 


13 to 16 


500 


- 10ppm/°C 


11 


- 


624 


-5ppm/°C 


11 


13 to 16 


688 


-1.5ppm/°C 


11 


lltol2;13tol6 


831 


+ 4ppm/°C 


11 


16 to 12 


1000 


Oppm/°C 


11 


16tol2;13toll 



Table I. 

pins 3 and 16 programs the gain according to the formula 

40k 

Rq = p^ (see Figure 29). For best results Rg should be a 

G — 1 
precision resistor with a low temperature coefficient. An external 

Rg affects both gain accuracy and gain drift due to the mismatch 

between it and the internal thin-film resistors R56 and R57. 

Gain accuracy is determined by the tolerance of the external Rq 

and the absolute accuracy of the internal resistors (±20%). Gain 

drift is determined by the mismatch of the temperature coefficient 

of Rg and the temperature coefficient of the internal resistors 

(- 15ppm/°C typ), and the temperature coefficient of the internal 

interconnections. 




REFERENCE 
G = *0^+l = 2O±2O% 



Figure 29. Operating Connections for G = 20 

The AD624 may also be configured to provide gain in the output 
stage. Figure 30 shows an H pad attenuator connected to the 
reference and sense lines of the AD624. The values of Rl, R2 
and R3 should be selected to be as low as possible to minimize 
the gain variation and reduction of CMRR. Varying R2 will 
precisely set the gain without affecting CMRR. CMRR is deter- 
mined by the match of Rl and R3. 
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Figure 28. Operating Connections for G =200 



Figure 30. Gain of 2500 
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NOISE 

The AD624 is designed to provide noise performance near the 
theoretical noise floor. This is an extremely important design 
criteria as the front end noise of an instrumentation amplifier is 
the ultimate limitation on the resolution of the data acquisition 
system it is being used in. There are two sources of noise in an 
instrument amplifier, the input noise, predominantly generated 
by the differential input stage, and the output noise, generated 
by the output amplifier. Both of these components are present 
at the input (and output) of the instrumentation amplifier. At 
the input, the input noise will appear unaltered; the output 
noise will be attenuated by the closed loop gain (at the output, 
the output noise will be unaltered; the input noise will be amplified 
by the closed loop gain). Those two noise sources must be root 
sum squared to determine the total noise level expected at the 
input (or output). 

The low frequency (0.1 to lOHz) voltage noise due to the output 
stage is 10|xV p-p, the contribution of the input stage is 0.2|jlV 
p-p . At a gain of 10, the RTI voltage noise would be 1|ulV p-p, 

p.p,VlO^ 



+ (0.2)^. The RTO voltage noise would be 10.2|xV 



+ (0.2 (G))^. These calculations hold for applications 
using either internal or external gain resistors. 

INPUT BIAS CURRENTS 

Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. Bias currents are an additional 
source of input error and must be considered in an total error 
budget. The bias currents when multiplied by the source resistance 
imbalance appear as an additional offset voltage. (What is of 
concern in calculating bias current errors is the change in bias 
current with respect to signal voltage and temperature.) Input 
offset current is the difference between the two input bias currents. 
The effect of offset current is an input offset voltage whose 
magnitude is the offset current times the source resistance. 

Although instrumentation amplifiers have differential inputs, 
there must be a return path for the bias currents. If this is not 
provided, those currents will charge stray capacitances, causing 
the output to drift uncontrollably or to saturate. Therefore, 
when amplifying "floating" input sources such as transformers 
and thermocouples, as well as ac-coupled sources, there must 
still be a dc path from each input to ground, (see Figure 31). 




Figure 31a. Transformer Coupled 




Figure 31b. Thermocouple 
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Figure 31c. AC Coupled 
Figure 31. Indirect Ground Returns for Bias Currents 

COMMON-MODE REJECTION 

Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. "Common-Mode Re- 
jection Ratio" (CMRR) is a ratio expression while "Common-Mode 
Rejection" (CMR) is the logarithm of that ratio. For example, a 
CMRR of 10,000 corresponds to a CMR of 80dB. 

In an instrumentation amplifier, ac common-mode rejection is 
only as good as the differential phase shift. Degradation of ac 
common-mode rejection is caused by unequal drops across differing 
track resistances and a differential phase shift due to varied 
stray capacitances or cable capacitances. In many applications 
shielded cables are used to minimize noise. This technique can 
create common-mode rejection errors unless the shield is properly 
driven. Figures 32 and 33 shows active data guards which are 
configured to improve ac common-mode rejection by "bootstrap- 
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. 




Figure 32. Shield Driver, G ^ 100 




Figure 33. Differential Shield Driver 

GROUNDING 

Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
grounds must be tied together at one point, usually at the system 
power supply ground. Ideally, a single solid ground would be 
desirable. However, since current flows through the ground 
wires and etch stripes of the circuit cards, and since these paths 
have resistance and inductance, hundreds of millivolts can be 
generated between the system ground point and the data acquisition 
components. Separate ground returns should be provided to 




-'\ DIGITAL 
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* IF INDEPENDENT, OTHERWISE 
RETURN AMPLIFIER REFERENCE 
TO MECCA AT ANALOG P S COMMON 



Figure 34. Basic Grounding Practice 

minimize the current flow in the path from the most sensitive 
points to the system ground point. In this way supply currents 
and logic-gate return currents are not summed into the same 
return path as analog signals where they would cause measurement 
errors (see Figure 34). 

Since the output voltage is developed with respect to the potential 
on the reference terminal an instrumentation amplifier can solve 
many grounding problems. 

SENSE TERMINAL 

The sense terminal is the feedback point for the instrument 
amplifier's output amplifier. Normally it is connected to the 
instrument amplifier output. If heavy load currents are to be 
drawn through long leads, voltage drops due to current flowing 
through lead resistance can cause errors. The sense terminal can 
be wired to the instrument amplifier at the load thus putting the 
IxR drops "inside the loop" and virtually eliminating this error 
source. 




Figure 35. AD624 Instrumentation Amplifier with Output 
Current Booster 

Typically, IC instrumentation amplifiers are rated for a full 
± 10 volt output swing into 2kn. In some applications, however, 
the need exists to drive more current into heavier loads. Figure 
35 shows how a current booster may be connected "inside the 
loop" of an instrumentation amphfier to provide the required 
current without significantly degrading overall performance. 
The effects of nonlinearities, offset and gain inaccuracies of the 
buffer are reduced by the loop gain of the lA output amplifier. 
Offset drift of the buffer is similarly reduced. 

REFERENCE TERMINAL 

The reference terminal may be used to offset the output by up 
to ± lOV. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered 
that the total output swing is ± 10 volts, from ground, to be 
shared between signal and reference offset. 




Figure 36. Use of Reference Terminal to Provide Output 
Offset 

When the lA is of the three-amplifier configuration it is necessary 
that nearly zero impedance be presented to the reference terminal. 
Any significant resistance, including those caused by PC layouts 
or other connection techniques, which appears between the 
reference pin and ground will increase the gain of the noninverting 
signal path, thereby upsetting the common-mode rejection of 
the lA. Inadvertent thermocouple connections created in the 
sense and reference lines should also be avoided as they will 
directly affect the output offset voltage and output offset voltage 
drift. 

In the AD624 a reference source resistance will unbalance the 
CMR trim by the ratio of lOkd/RREF- For example, if the reference 
source impedance is 1(1, CMR will be reduced to 80dB (lOkll/ 
in = 80dB). An operational amplifier may be used to provide 
that low impedance reference point as shown in Figure 36. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in- 
strumentation amplifier. 

An instrumentation amplifier can be turned into a voltage-to-cur- 
rent converter by taking advantage of the sense and reference 
terminals as shown in Figure 37. 




Figure 37. Voltage-to-Current Converter 

By establishing a reference at the "low" side of a current setting 
resistor, an output current may be defined as a function of 
input voltage, gain and the value of that resistor. Since only a 
small current is demanded at the input of the buffer amplifier 
A2, the forced current II will largely flow through the load. 
Offset and drift specifications of A2 must be added to the output 
offset and drift specifications of the lA. 

PROGRAMMABLE GAIN 

Figure 38 shows the AD624 being used as a software progranmiable 
gain amplifier. Gain switching can be accomplished with mechani- 
cal switches such as DIP switches or reed relays. It should be 
noted that the "on" resistance of the switch in series with the 
internal gain resistor becomes part of the gain equation and will 
have an effect on gain accuracy. 
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Figure 38. Gain Programmabie Amplifier 

A significant advantage in using the internal gain resistors in a 
programmable gain configuration is the minimization of ther- 
mocouple signals which are often present in multiplexed data 
acquisition systems. 

If the full performance of the AD624 is to be achieved, the user 
must be extremely careful in designing and laying out his circuit 
to minimize the remaining thermocouple signals. 

The AD624 can also be connected for gain in the output stage. 
Figure 39 shows an AD547 used as an active attenuator in the 
output amplifier's feedback loop. The active attenuation presents 
a very low impedance to the feedback resistors therefore minimiz- 
ing the common-mode rejection ratio degradation. 




Figure 39. Programmable Output Gain 

Another method for developing the switching scheme is to use a 
DAC. The AD7528 dual DAC which acts essentially as a pair of 
switched resistive attenuators having high analog linearity and 
symmetrical bipolar transmission is ideal in this application. 
The multiplying DAC's advantage is that it can handle inputs of 
either polarity or zero without affecting the programmed gain. 
The circuit shown uses an AD7528 to set the gain (DAC A) and 
to perform a fine adjustment (DAC B). 




Figure 40. Programmable Output Gain Using a DAC 

AUTO-ZERO CIRCUITS 

In many applications it is necessary to provide very accurate 
data in high gain configurations. At room temperature the offset 
effects can be nulled by the use of offset trimpots. Over the 
operating temperature range, however, offset nulling becomes a 
problem. The circuit of Figure 41 shows a CMOS DAC operating 
in the bipolar mode and connected to the reference terminal to 
provide software controllable offset adjustments. 




Figure 41. Software Controllable Offset 

In many applications complex software algorithms for auto-zero 
applications are not available. For these applications Figure 42 
provides a hardware solution. 




Figure 42. Auto-Zero Circuit 
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The microprocessor controlled data acquisition system shown in 
Figure 43 includes includes both auto-zero and auto-gain capa- 
bility. By dedicating two of the differential inputs, one to ground 
and one to the A/D reference, the proper program calibration 
cycles can eliminate both initial accuracy errors and accuracy 
errors over temperature. The auto-zero cycle, in this application, 
converts a number that appears to be ground and then writes 
that same number (8 bit) to the AD7524 which eliminates the 
zero error since its output has an inverted scale. The auto-gain 
cycle converts the A/D reference and compares it with full scale. 
A nlultiplicative correction factor is then computed and applied 
to subsequent readings. 




ADDRESS BUS 



Figure 43. Microprocessor Controlled Data Acquisition 
System 



WEIGH SCALE 

Figure 44 shows an example of how an AD624 can be used to 
condition the differential output voltage from a load cell. The 
10% reference voltage adjustment range is required to accommo- 
date the 10% transducer sensitivity tolerance. The high linearity 
and low noise of the AD624 make it ideal for use in applications 
of this type particularly where it is desirable to measure small 
changes in weight as opposed to the absolute value. The addition 
of an auto gain/auto tare cycle will enable the system to remove 
offsets, gain errors, and drifts making possible true 14-bit 
performance. 




Va CELL TEDEA MODEL 1010 10KG OUTPUT 2mV/V ±10% 
R2 and R3 SELECTED FOR ADS84 OUTPUT 10V * 10% 



Figure 44. AD624 Weigh Scale Application 



AC BRIDGE 

Bridge circuits which use dc excitation are often plagued by 
errors caused by thermocouple effects, 1/f noise, dc drifts in the 
electronics, and line noise pick-up. One way to get around these 
problems is to excite the bridge with an ac waveform, amplify 
the bridge output with an ac amplifier, and synchronously de- 
modulate the resulting signal. The ac phase and amplitude in- 
formation from the bridge is recovered as a dc signal at the 
output of the synchronous demodulator. The low frequency 
system noise, dc drifts, and demodulator noise all get mixed to 
the carrier frequency and can be removed by means of a low 
pass filter. Dynamic response of the bridge must be traded off 
against the amount of attenuation required to adequately suppress 
these residual carrier components in the selection of the filter. 

Figure 45 is an example of an ac bridge system with the AD630 
used as a synchronous demodulator. The oscilloscope photograph 
shows the results of a 0.05% bridge imbalance caused by the 
IMeg resistor in parallel with one leg of the bridge. The top 
trace represents the bridge excitation, the upper middle trace is 
the amplified bridge output, the lower-middle trace is the output 
of the synchronous demodulator and the bottom trace is the 
filtered dc system output. 

This system can easily resolve a 0.5ppm change in bridge im- 
pedance. Such a change will produce a 6.3mV change in the low 
pass filtered dc output, well above the RTO drifts and noise. 

The AC-CMRR of the AD624 decreases with the frequency of 
the input signal. This is due mainly to the package-pin capacitance 
associated with the AD624's internal gain resistors. If AC-CMRR 
is not sufficient for a given application, it can be trimmed by 
using a variable capacitor connected to the amplifier's RG2 pin 
as shown in Figure 45. 




5 5^ 



Figure 45. AC Bridge 




Figure 46. AC Bridge Waveforms 
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Figure 47. Typical Bridge Application 



ERROR BUDGET ANALYSIS 

To illustrate how instrumentation amplifier specifications are 
applied, we will now examine a typical case where an AD624 is 
required to amplify the output of an unbalanced transducer. 
Figure 47 shows a differential transducer, unbalanced by ~5fl, 
supplying a to 20m V signal to an AD624C. The output of the 
lA feeds a 14-bit A to D converter with a to 2 volt input 
voltage range. The operating temperature range is — 25°C to 
+ 85°C. Therefore, the largest change in temperature AT within 
the operating range is from ambient to + 85°C (85°C - 25°C 
= 60°C). 



In many applications, differential linearity and resolution are of 
prime importance. This would be so in cases where the absolute 
value of a variable is less important than changes in value. In 
these apphcations, only the irreducible errors (20ppm = 0.002%) 
are significant. Furthermore, if a system has an intelligent pro- 
cessor monitoring the A to D output, the addition of a auto-gain/ 
auto-zero cycle will remove all reducible errors and may eliminate 
the requirement for initial calibration. This will also reduce 
errors to 0.002%. 



Error Source 

Gain Error 
Gain InstabiUty 
Gain Nonlinearity 
Input Offset Voltage 
Input Offset Voltage Drift 

Output Offset Voltage^ 
Output Offset Voltage Drift ^ 

Bias Current - Source 

Imbalance Error 
Offset Current - Source 

Imbalance Error 
Offset Current - Source 

Resistance- Error 
Offset Current- Source 

Resistance- Drift 
Common Mode Rejection 

5Vdc 
Noise, RTI 

(0.1-lOHz) 



AD624C 

Specifications 

±0.1% 
lOppm 
±0.001% 
±25fjLV,RTI 

±0.25|xV/°C 

±2.0mV 
± lOfjuV/X 

±15nA 

±10nA 

±10nA 

±]00pArC 

115dB 

0.22fjiVp-p 



Calculation 

±0.1%= lOOOppm 
(10ppm/°C)(60°C) = 600ppm 
±0.001%= lOppm 
±25[xV/20mV = ± 1250ppm 
(±0.25m.V/°C)(60X) = ISjjlV 

15fjLV/20mV = 750ppm 
±2.0mV/20mV = lOOOppm 
(± 10|jlV/°C)(60°C) = 600fjLV 

600|xV/20mV = BOOppm 
(±15nA)(5a) = 0.075|ULV 

0.075fjLV/20mV = 3.75ppm 
(±10nA)(5n) = 0.050|jLV 

0.050|uiV/20mV = 2.5ppm 
(10nA)(175a) = 3.5jxV 

3.5|xV/20mV = 87.5ppm 
(100pArC)(175a)(60°C) = l|xV 
l|jLV/20mV = 50ppm 
115dB = l.Sppm X 5V = 9|xV 
9|xV/20mV = 444ppm 

0.22|JLVp-p/20mV = lOppm 

Total Error 



Effect on 
Absolute 
Accuracy 
atTA = 25X 


Effect on 
Absolute 
Accuracy 
atTA = 85X 


Effect 

on 

Resolution 


lOOOppm 
1250ppm 


lOOOppm 
600ppm 

1250ppm 


lOppm 


lOOOppm 


750ppm 
lOOOppm 


- 


- 


300ppm 


- 


3.75ppm 


3.75ppm 


- 


2.5ppm 


2.5ppm 


- 


. 87.5ppm 


87.5ppm 


- 


- 


50ppm 


- 


450ppm 


450ppm 


- 


- 


- 


lOppm 


3793.75ppm 


5493.75ppm 


20ppm 



^Output offset voltage and output offset voltage drift are given as RTI figures. 

Table II. Error Budget Analysis of AD624CD in Bridge Application 
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ANALOG 
DEVICES 



Programmable Gain 
Instrumentation Amplifier 




FEATURES 

User Programmed Gains of 1 to 10,000 

Low Gain Error: 0.02% max 

Low Gain TC: 5ppm/**C max 

Low Nonlinearity: 0.001% max 

Low Offset Voltage: 25(jiV 

Low Noise 4nV/Vl?z (at llcHz) RTI 

Gain Bandwidth Product: 25IVIHz 

16-Pin Ceramic or Plastic DIP Package 

MIL-Standard Parts Available 

Low Cost 



AD625 FUNCTIONAL BLOCK DIAGRAM 




7 ) REFERENCE 



PRODUCT DESCRIPTION 

The AD625 is a precision instrumentation amplifier specifically 
designed to fulfill two major areas of application: 

1) Circuits requiring nonstandard gains (i.e., gains not easily 
achievable with devices such as the AD524 and AD624). 

2) Circuits requiring a low cost, precision software program- 
mable gain amplifier. 

For low noise, high CMRR, and low drift the AD625JN is the 
most cost effective instrumentation amplifier solution available. 
An additional three resistors allow the user to set any gain from 
1 to 10,000. The error contribution of the AD625JN is less than 
0.05% gain error and under 5ppm/°C gain TC; performance 
limitations are primarily determined by the external resistors. 
Common-mode rejection is independent of the feedback resistor 
matching. 

A software programmable gain amplifier (SPGA) can be configured 
with the addition of a CMOS multiplexer (or other switch network), 
and a suitable resistor network. Because the ON resistance of 
the switches is removed from the signal path, an AD625 based 
SPGA will deliver 12-bit precision, and can be programmed for 
any set of gains between 1 and 10,000, with completely user 
selected gain steps. 

For the highest precision the AD625C offers an input offset 
voltage drift of less than 0.25^jlV/°C, output offset drift below 
ISfjbVrC, and a maximum nonlinearity of 0.001% at G= 1. All 
grades exhibit excellent ac performance; a 2 5 MHz gain bandwidth 
product, 5V(jLS slew rate and ISjxs settling time. 

The AD625 is available in three accuracy grades (A, B, C) for 
industrial (-25°C to +85°C) temperature range, two grades (J, 
K) for commercial (0 to + 70°C) temperature range, and one (S) 
grade rated over the extended (- 55°C to + 125°C) temperature 
range. 



PRODUCT HIGHLIGHTS 

1. The AD625 affords up to 16-bit precision for user selected 
fixed gains from 1 to 10,000. Any gain in this range can be 
programmed by 3 external resistors. 

2. A 12-bit software programmable gain amplifier can be confi- 
gured using the AD625, a CMOS multiplexer and a resistor 
network. Unlike previous instrumentation amplifier designs, 
the ON resistance of a CMOS switch does not affect the gain 
accuracy. 

3. The gain accuracy and gain temperature coefficient of the 
amplifier circuit are primarily dependent on the user selected 
external resistors. 

4. The AD625 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effects of offset voltage in gain-ranging 
applications. 

5. The proprietary design of the AD625 provides input voltage 
noise of 4nV/\/Uz at IkHz. 

6. External resistor matching is not required to maintain high 
common-mode rejection. 
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SPECIFICATIONS 



(typical @ Ys = ±15V, R|. = Zkil and Ta = +25X unless othemise specified) 





AD625A/J/S 




AD625B/K 




AD625C 






Model 


Min Typ 


Max 


Min Typ 


Max 


Min Typ 


Max 


Units 


GAIN 


2Rf 




2Rf 




2Rf 






Gain Equation 


rI^' 




R^' 




+ 


I 




Gain Range 


1 


10,000 


1 


10,000 


1 


10,000 




Gain Error' 


±.035 


±0.05 


±0.02 


±0.03 


±0.01 


±0.02 


% 


Nonlinearity, Gain =1-256 




±0.005 




±0.002 




±0.001 


% 


Gain>256 




±0.01 




±0.008 




±0.005 


% 


Gain vs. Temp. Gain< 1000' 




5 




5 




5 


ppm/°C 


GAIN SENSE INPUT 
















Gain Sense Current 


300 


500 


150 


250 


50 


100 


nA 


vs. Temperature 


5 


20 


2 


15 


2 


10 


nA/°C 


Gain Sense Offset Current 


150 


500 


75 


250 


50 


100 


nA 


vs. Temperature 


2 


15 


1 


10 


1 


5 


nA/°C 


VOLTAGE OFFSET (May be Nulled) 
















Input Offset Voltage 


50 


200 


25 


50 


10 


25 


PlV 


vs. Temperature 


1 


2/2 


0.25 


0.50/1 


0.1 


0.25 


jjlV/°C 


Output Offset Voltage 


4 


5 


2 


3 


1 


2 


mV 


vs. Temperature 


20 


50/50 


10 


25/40 


10 


15 


|jlV/°C 


Offset Referred to the 
















Input vs. Supply 
















G=l 


70 75 




75 85 




80 90 




dB 


G=10 


85 95 




90 100 




95 105 




dB 


G=100 


95 100 




105 110 




110 120 




dB 


G=1000 


100 110 




110 120 




115 140 




dB 


INPUT CURRENT 
















Input Bias Current 


±30 


±50 


±20 


±25 


±10 


±15 


nA 


vs. Temperature 


±50 




±50 




±50 




pA/°C 


Input Offset Current 


±2 


±35 


±1 


±15 


±1 


±5 


nA 


vs. Temperature 


±20 




±20 




±20 




pA/°C 


INPUT 
















Input Impedance 
















Differential Resistance 


1 




1 




1 




Gii 


Differential Capacitance 


4 




4 




4 




pF 


Common-Mode Resistance 


1 




1 




1 




Gil 


Common-Mode Capacitance 


4 




4 




4 




pF 


Input Voltage Range 
















Differ. Input Linear (Vd) 




±10 




±10 




±10 


V 


Common-Mode Lmear (^cm) 


12V -(1 XV 


^) 


,2V-(fx 


V.) 


.2V-(fx 


v„) 




Common-Mode Rejection Ratio dc to 




60Hz with Ikft Source Imbalance 
















G=l 


70 75 




75 85 




80 90 




dB 


G=10 


90 95 




95 105 




100 115 




dB 


G=100 


100 105 




105 115 




110 125 




dB 


G=1000 


110 115 




115 125 




120 140 




dB 


OUTPUT RATING 


±10V 
@5mA 




±10V 
(ci 5mA 




±10V 
(a 5mA 






DYNAMIC RESPONSE 
















Small Signal -3dB 
















G=l(RF = 20kn) 


650 




650 




650 




kHz 


G=10 


400 




400 




400 




kHz 


G=100 


150 




150 




150 




kHz 


G=1000 


25 




25 




25 




kHz 


Slew Rate 


5.0 




5.0 




5.0 




V/^JLS 


Settling Time toO.01%, 20V Step 
















G=lto200 


15 




15 




15 




M-S 


G = 500 


35 




35 




35 




fJLS 


G=1000 


75 




75 




75 




M-S 


NOISE 
















Voltage Noise, IkHz 
















R.T.I. 


4 




4 




4 




nV/Vlfc 


R.T.O. 


75 




75 




75 




nW/Vui 


R.T.L,0.1tolOHz 
















G=l 


10 




10 




10 




jxVp-p 


G=10 


1.0 




1.0 




1.0 




|jlVp-p 


G=100 


0.3 




0.3 




0.3 




M-Vp-p 


G=1000 


0.2 




0.2 




0.2 




M-Vp-p 


Current Noise 
















O.lHztolOHz 


60 




60 




60 




pAp-p 
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AD625A/J/S 




AD625B/K 






AD625C 




Model 


Min 


Typ Max 


Min 


Typ 


Max 


Min 


Typ Max 


Units 


SENSE INPUT 


















RiN 




10 




10 






10 


kO 


IlN 




30 




30 






30 


M-A 


Voltage Range 


±10 




±10 






±10 




V 


Gain to Output 




1±0.01 




1±0.01 






1±0.01 


% 


REFERENCE INPUT 


















RiN 




20 




20 






20 


kil 


IlN 




30 




30 






30 


^lA 


Voltage Range 


±10 




±10 






±10 




V 


Gain to Output 




1±0.01 




1±0.01 






1 ±'0.01 


% 


TEMPERATURE RANGE 


















Specified Performance 


















J/K Grades 





+ 70 







+ 70 






°c 


A/B/C Grades 


-25 


+ 85 


-25 




+ 85 


-25 


+ 85 


°c 


S Grade 


-55 


+ 125 














Storage 


-65 


+ 150 


-65 




+ 150 


-65 


+ 150 


°c 


POWER SUPPLY 


















Power Supply Range 




±6to±18 




±6to±18 






±6to ±18 


V 


Quiescent Current 




3.5 5 




3.5 


5 




3.5 5 


mA 


PACKAGE OPTIONS^ 


















Ceramic (D- 16) 




AD625AD/SD 




AD625BD 






AD625CD 




Plastic DIP (N-16) 




AD625JN 




AD625KN 











NOTES 

'Gam error and gain TC are for the AD625 only Resistor network errors will add to the specified errors. 

^See Section 16 for package outline information. 

Specifications subject to change without notice 

Specifications shown in boldface are tested on all production umts at final 

electrical test. Results from those tests are used to calculate outgoing quality 

levels. All mim and max specifications are guaranteed, although only those 

shown m boldface are tested on all production umts. 



PIN CONFIGURATION 



+ INPUT n~ 



+ GAIN SENSE I 2 
RTINULL 



+ Vs-^ 1 



{I 



RTINULL 
+ GAIN DRIVE pi" 

N/CfT" 

REFERENCE ("T 

-VsfT" 



jFj -INPUT 

"Til -GAIN SENSE 
, RTO NULL 



' RTO NULL 
ITj -GAIN DRIVE 

TTj SENSE 

"To] VouT 
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Typical Characteristics 
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SUPPLY VOLTAGE -±V 



Figure 1. Input Voltage Range vs. 
Supply Voltage, G = 1 
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SUPPLY VOLTAGE -±V 



Figure 2. Output Voltage Swing 
vs. Supply Voltage 
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Figure 3. Output Voltage Swing 
vs. Resistive Load 
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Figure 4. CMRR vs. Frequency 
RTI, Zero to fkCl Source Imbalance 
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Figure 7. Offset Voltage, RTI, Turn 
On Drift 



Figure 5. Large Signal Frequency 
Response 



Figure 6. Gain vs. Frequency 
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Figure 8. Negative PSRR vs. 
Frequency 
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Figure 9. Positive PSRR vs. 
Frequency 
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Figure 10. Input Bias Current vs. 
Temperature 




Figure 1 1. Overange and Gain 
Switching Test Circuit (G=8, G=1J 
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Figure 12. Gain Overange Recovery 
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Typical Characteristics 
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Figure 13. Quiescent Current vs. 
Supply Voltage 
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Figure 16. Low Frequency Voltage 
Noise, G=1 (System Gain=1000) 
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Figure 19. Large Signal Pulse 
Response and Settling Time, G=1 
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Figure 14. RTI Noise Spectral 
Density vs. Gain 



Figure 1 7. Noise Test Circuit 
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Figure 15. Input Current Noise 
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Figure 18. Lov\/ Frequency Voltage 
Noise, G=1000 (System 
Gain=1 00,000) 




Figure 20. Settling Time to 0.01% 



Figure 21. Large Signal Pulse 
Response and Settling Time, G = 100 






Figure 22. Large Signal Pulse 
Response and Settling Time, G= 10 



Figure 23. Settling Time Test 
Circuit 



Figure 24. Large Signal Pulse 
Response and Settling Time, 
G=WOO 



INSTRUMENTATION AMPLIFIERS 4-65 



Theory of Operation 



The AD625 is a monolithic instrumentation amplifier based on 
a modification of the classic three-op-amp approach. Monolithic 
construction and laser-wafer-trimming allow the tight matching 
and tracking of circuit components. This insures the high level 
of performance inherent in this circuit architecture. 

A preamp section (Q1-Q4) provides additional gain to Al and 
A2. Feedback from the outputs of Al and A2 forces the collector 
currents of Q1-Q4 to be constant, thereby, impressing the input 
voltage across Rg- This creates a differential voltage at the outputs 
of Al and A2 which is given by the gain (2Rf/Rg +1) times 
the differential portion of the input voltage. The unity gain 
subtractor, A3, removes any common-mode signal from the 
output voltage yielding a single ended output, Vqut) referred to 
the potential at the reference pin. 

The value of Rg is the determining factor of the transconductance 
of the input preamp stage. As Rg is reduced for larger gains the 
transconductance increases. This has three important advantages. 
First, this approach allows the circuit to achieve a very high 
open-loop gain of (3 x 10^ at programmed gains ^ 500) thus 
reducing gain related errors. Second, the gain-bandwidth product, 
which is determined by C3, C4, and the input transconductance, 
increases with gain, thereby, optimizing frequency response. 
Third, the input voltage noise is reduced to a value determined 
by the collector current of the input transistors (4nV/VHz). 

INPUT PROTECTION 

Differential input amplifiers frequently encounter input voltages 
outside of their linear range of operation. There are two consid- 
erations when applying input protection for the AD625; 1) that 
continuous input current must be limited to less than 10mA and 
2) that input voltages must not exceed either supply by more 
than one diode drop (approximately 0.6V (w 25°C). 

Under differential overload conditions there is (Rg + 100)0 in 
series with two diode drops (approximately 1.2V) between the 
plus and minus inputs, in either direction. With no external 
protection and Rg very small (i.e., 400), the maximum overload 
voltage the AD625 can withstand, continuously, is approximately 
±2.5V. Figure 26A shows the external components necessary to 
protect the AD625 under all overload conditions at any gain. 




The diodes to the supplies are only necessary if input vokages 
outside of the range of the supplies are encountered. In higher 
gain apphcations where differential voltages are small, back-to- 
back zener diodes and smaller resistors, as shown in Figure 26b, 
provides adequate protection. Figure 26c shows low cost FETs 
with a maximum ON resistance of 3000 configured to offer 
input protection with minimal degradation to noise, (5.2nV/VHz 
compared to normal noise performance of 4nV/VHz). 

During differential overload conditions, excess current will flow 
through the gain sense lines (pins 2 and 15). This will have no 
effect in fixed gain applications. However, if the AD625 is 
being used in an SPGA application with a CMOS multiplexer, 
this current should be taken into consideration. The current 
capabilities of the multiplexer may be the limiting factor in 
allbwable overflow current. The ON resistance of the switch 
should be included as part of Rg when calculating the necessary 
input protection resistance. 




Figure 26a. Input Protection Circuit 




Figure 26b. Input Protection Circuit for G>5 
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Figure 25. Simplified Circuit of the AD625 



Figure 26c. Input Protection Circuit 
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Applying the AD625 



Any resistors in series with the inputs of the AD625 will degrade 
the noise performance. For this reason the circuit in Figure 26b 
should be used if the gains are all greater than 5. For gains less 
than 5, either the circuit in Figure 26a or in Figure 26c can be 
used. The two 1.4kn resistors in Figure 26a will degrade the 
noise performance to: 



V4kTRext + (4nV/VHz)2 = 7.9nV/VHz 

RESISTOR PROGRAMMABLE GAIN AMPLIFIER 

In the resistor-programmed mode (Figure 27), only three external 
resistors are needed to select any gain from 1 to 10,000. Depending 
on the application, discrete components or a pretrimmed network 
can be used. The gain accuracy and gain TC are primarily de- 
termined by the external resistors since the AD625C contributes 
less than 0.02% to gain error and under 5ppm/°C gain TC. The 
gain sense current is insensitive to common-mode voltage, making 
the CMRR of the resistor programmed AD625 independent of 
the match of the two feedback resistors, Rp. 

Selecting Resistor Values 

As previously stated each Rp provides feedback to the input 
stage and sets the unity gain transconductance. These feedback 
resistors are provided by the user. The AD625 is tested and 
specified with a value of 20kn for Rp. Since the magnitude of 
RTO errors increases with increasing feedback resistance, values 
much above 20kn are not recommended (values below lOkH for 
Rp may lead to instability). Refer to the graph of RTO noise, 
offset, drift, and bandwidth (Figure 28) when selecting the 
feedback resistors. The gain resistor (Rq) is determined by the 
formula Kq = 2Rp/(G- 1). 




Figure 27. AD625 in Fixed Gain Configuration 

A list of standard resistors which can be used to set some common 
gains is shown in Table I. 

For single gain applications, only one offset null adjust is necessary; 
in these cases the RTI null should be used. 
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RTO OFFSET VOLTAGE DRIFT 
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Figure 28. RTO Noise, Offset, Drift, and Bandwidtt) vs. 
Feedback Resistance Normalized to 20/<Ct 



GAIN 



Rg 



1 


20kn 


00 


2 


19.6kO 


39.2kn 


5 


20ka 


lOkH 


10 


20ka 


4.42ka 


20 


20kn 


2.ikn 


50 


19.6kn 


806n 


100 


20kn 


4020 


200 


20.5kn 


2050 


500 


19.6kll 


78.70 


000 


19.6kn 


39.20 


4 


20kn 


13.3kO 


8 


19.6ka 


5.62kO 


16 


20kn 


2.67kO 


32 


19.6kn 


1.27kO 


64 


20kn 


6340 


128 


20ka 


3160 


256 


19.6kn 


1540 


512 


19.6kft 


76.80 


024 


19.6kn 


38.30 



Table I. Common Gains Nominally within 
Using Standard 1% Resistors 



-.0.5% Error 
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SENSE TERMINAL 

The sense terminal is the feedback point for the AD625 output 
amplifier. Normally it is connected directly to the output. If 
heavy load currents are to be drawn through long leads, voltage 
drops through lead resistance can cause errors. In these instances 
the sense terminal can be wired to the load thus putting the 
I X R drops "inside the loop" and virtually eliminating this 
error source. 

Typically, IC instrumentation amplifiers are rated for a full ±10 
volt output swing into 2kfl. In some applications, however, the 
need exists to drive more current into heavier loads. Figure 29 
shows how a high-current booster may be connected "inside the 
loop" of an instrumentation amplifier. By using an external 
power boosting circuit, the power dissipated by the AD625 will 
remain low, thereby, minimizing the errors induced by self-heat- 
ing. The effects of nonlinearities, offset and gain inaccuracies of 
the buffer are reduced by the loop gain of the AD625's output 
amplifier. 



The offset per bit is equal to the total offset range divided by 
2^, where N = number of bits of the DAC. The range of offset 
for Figure 30 is ± 120mV, and the offset is incremented in steps 
of0.9375mV/LSB. 




Figure 29. AD625 Instrumentation Amplifier with Output 
Current Booster 

REFERENCE TERMINAL 

The reference terminal may be used to offset the output by up 
to ± lOV. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. However, it must be 
remembered that the total output swing is ± 10 volts, from 
ground, to be shared between signal and reference offset. 

The AD625 reference terminal must be presented with nearly 
zero impedance. Any significant resistance, including those 
caused by PC layouts or other connection techniques, will increase 
the gain of the nonin verting signal path, thereby, upsetting the 
common-mode rejection of the In- Amp. Inadvertent thermocouple 
connections created in the sense and reference lines should also 
be avoided as they will directly affect the output offset voltage 
and output offset voltage drift. 

In the AD625 a reference source resistance will unbalance the 
CMR trim by the ratio of lOkft/RREF- For example, if the reference 
source impedance is lH, CMR will be reduced to 80dB (lOkO/in 
= 80dB). An operational amplifier may be used to provide the 
low impedance reference point as shown in Figure 30. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in- 
strumentation amplifier. 

The circuit of Figure 30 also shows a CMOS DAC operating in 
the bipolar mode and connnected to the reference terminal to 
provide software controllable offset adjustments. The total offset 
range is equal to ± (Vref/2 x R5/R4), however, to be symmetrical 
about OV R3 = 2 X R4. 




Figure 20. Software Controllable Offset 

An instrumentation amplifier can be turned into a voltage-to- 
current converter by taking advantage of the sense and reference 
terminals as shown in Figure 31. 
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Figure 31 . Voltage-to-Current Converter 

By establishing a reference at the "low" side of a current setting 
resistoi", an output current may be defined as a function of 
input voltage, gain and the value of that resistor. Since only a 
small current is demanded at the input of the buffer amplifier 
Al, the forced current II will largely flow through the load. 
Offset and drift specifications of A2 must be added to the output 
offset and drift specifications of the In- Amp. 
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INPUT AND OUTPUT OFFSET VOLTAGE 

Offset voltage specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but this requires extra 
circuitry. 

Offset voltage and offset voltage drift each have two components: 
input and output. Input offset is that component of offset that 
is generated at the input stage. Measured at the output it is 
directly proportional to gain, i.e., input offset as measured at 
the output at G = 100 is 100 times greater than that measured 
at G = 1 . Output offset is generated at the output and is constant 
for all gains. 

The input offset and drift are multiplied by the gain, while the 
output terms are independent of gain, therefore, input errors 
dominate at high gains and output errors dominate at low gains. 
The output offset voltage (and drift) is normally specified at 
G = 1 (where input effects are insignificant), while input offset 
(and drift) is given at a high gain (where output effects are 
negligible). All input-related parameters are specified referred to 
the input (RTI) which is to say that the effect on the output is 
"G" times larget. Offset voltage vs. power supply is also specified 
as an RTI error. 

By separating these errors, one can evaluate the total error inde- 
pendent of the gain. For a given gain, both errors can be combined 
to give a total error referred to the input (RTI) or output (RTO) 
by the following formula: 

Total Error RTI = input error + (output error/gain) 

Total Error RTO = (Gain x input error) + output error 

The AD625 provides for both input and output offset voltage 
adjustment. This simplifies nulling in very high perecision ap- 
plications and minimizes offset voltage effects in switched gain 
applications. In such applications the input offset is adjusted 
first at the highest programmed gain, then the output offset is 
adjusted at G = 1. If only a single null is desired, the input 
offset null should be used. The most additional drift when using 
only the input offset null is 0.9|jlV/°C, RTO. 

COMMON-MODE REJECTION 

Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. 

In an instrumentation amplifier, degradation of common-mode 
rejection is caused by a differential phase shift due to differences 
in distributed stray capacitances. In many applications shielded 
cables are used to minimize noise. This technique can create 



common-mode rejection errors unless the shield is properly 
driven. Figures 32 and 33 show active data guards which are 
configured to improve ac common-mode rejection by "bootstrap- 
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. 




Figure 33. Differential Shield Driver 

GROUNDING 

In order to isolate low level analog signals from a noisy digital 
environment, many data-acquisition components have two or 
more ground pins. These grounds must eventually be tied together 
at one point. It would be convenient to use a single ground line, 
however, current through ground wires and pc runs of the 
circuit card can cause hundreds of millivolts of error. Therefore, 
separate ground returns should be provided to minimize the 
current flow from the sensitive points to the system ground (see 
Figure 34). Since the AD625 output voltage is developed with 
respect to the potential on the reference terminal, it can solve 
many grounding problems. 





Figure 34. 
System 



Basic Grounding Practice for a Data Acquisition 



Figure 32. Common-Mode Shield Driver 



GROUND RETURNS FOR BIAS CURRENTS 

Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. There must be a direct return 
path for these currents, otherwise they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying "floating" input sources such as 
transformers, or ac-coupled sources, there must be a dc path 
from each input to ground as shown in Figure 35. 
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Figure 35a. Ground Returns for Bias Currents with 
Transformer Coupled Inputs 




Figure 35b. Ground Returns for Bias Currents with 
Thermocouple Input 




Figure 35c. Ground Returns for Bias Currents with AC 
Coupled Inputs 

AUTO-ZERO CIRCUITS 

In many applications it is necessary to maintain high accuracy. 
At room temperature, offset effects can be nulled by the use of 
offset trimpots. Over the operating temperature range, however, 
offset nulling becomes a problem. For these applications the 
auto-zero circuit of Figure 36 provides a hardware solution. 

OTHER CONSIDERATIONS 

One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a current 
flows when the two junctions are at different temperatures. 
When this circuit is broken, a voltage known as the "Seebeck" 
or thermocouple emf can be measured. Standard IC lead material 
(kovar) and copper form a thermocouple with a high thermoelectric 
potential (about 35|xV°C). This means that care must be taken 
to insure that all connections (especially those in the input circuit 
of the AD625) remain isothermal. This includes the input leads 
(1, 16) and the gain sense lines (2, 15). These pins were chosen 
for symmetry, helping to desensitize the input circuit to thermal 
gradients. In addition, the user should also avoid air currents 




Figure 36. Auto-Zero Circuit 

over the circuitry since slowly fluctuating thermocouple voltages 
will appear as "flicker" noise. In SPG A applications relay contacts 
and CMOS mux leads are both potential sources of additional 
thermocouple errors. 

The base emitter junction of an input transistor can rectify out 
of band signals (i.e., RF interference). When amphfying small 
signals, these rectified voltages act as small dc offset errors. The 
AD625 allows direct access to the input transistors' bases and 
emitters enabling the user to apply some first order filtering to 
these unwanted signals. In Figure 37, the RC time constant 
should be chosen for desired attenuation of the interfering signals. 
In the case of a resistive transducer, the capacitance alone working 
against the internal resistance of the transducer may suffice. 




Figure 37. Circuit to Attenuate RF Interference 
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These capacitances may also be incorporated as part of the external 
input protection circuit (see section on input protection). As a 
general practice every effort should be made to match the ex- 
traneous capacitance at pins 15 and 2, and pins 1 and 16, to 
preserve high ac CMR. 

SOFTWARE PROGRAMMABLE GAIN AMPLIFIER 

An SPGA provides the ability to externally program precision 
gains from digital inputs. Historically, the problem in systems 
requiring electronic switching of gains has been the ON resistance 
(Ron) of the multiplexer, which appears in series with the gain 
setting resistor Rg- This can result in substantial gain errors and 
gain drifts. The AD625 eliminates this problem by making the 
gain drive and gain sense pins available (pins 2, 15, 5, 12; see 
Figure 39). Consequently the multiplexer's ON resistance is 
removed from the signal current path. This transforms the ON 
resistance error into a small unliable offset error. To clarify this 
point, an error budget analysis has been performed in Table II 
based on the SPGA configuration shown in Figure 39. 




Figure 39. SPGA with Multiplexer Error Sources 




Figure 38. SPGA in a Gam of 16 



Figure 38 shows an AD625 based SPGA with possible gains of 
1, 4, 16, 64. Rg equals the resistance between the gain sense 
lines (pins 2 and 15) of the AD625. In Figure 38, Rq equals the 
sum of the two 97511 resistors and the 65011 resistor, or 260011. 
Rp equals the resistance between the gain sense and the gain 
drive pins (pins 12 and 15, or pins 2 and 5), that is Rp equals 
the 15.6kll resistor plus the 3.9kll resistor, or 19.5kH. The 
gain, therefore equals: 



2Rf 2(19.5ka) 

Rg (2.6kn) 



16 



As the switches of the differential multiplexer proceed syn- 
chronously, Rg and Rp change, resulting in the various 
programmed gain settings. 



Figure 39 shows a complete SPGA feeding a 12-bit DAS with a 
O-lOV input range. This configuration was used in the error 
budget analysis shown in Table II. The gain used for the RTI 
calculations is set at 16. As the gain is changed, the ON resistance 
of the multiplexer and the feedback resistance will change, 
which will slightly alter the values in the table. 





Specification 




VolUge Offset 


Induced Error 


AD625C 


AD7502KN 


Calculation 


Induced RTI 


RTI Offset 


Gain Sense 


Switch 


40nAx 170ft = 


6.8H.V 


Voltage 


Offset 

Current 

40nA 


Resistance 
170n 


6.8M.V 




RTI Offset 


Gain Sense 


Differential 


60nAx6.8n = 


0.41 nV 


Voltage 


Current 
60nA 


Switch 

Resistance 

6.8n 


0.41jtV 




RTO Offset 


Feedback 


Differential 


2(0.2nAx20kft) 


O.SjtV 


Voltage 


Resistance 
20kn* 


Leakage 
Current (Is)^ 
+ 0.2nA 
-0.2nA 


= 8m,V/16 




RTO Offset 


Feedback 


Differential 


2(lnAx20kft) 


2.5jjiV 


Voltage 


Resistance 
20kft' 


Leakage 
Current 

dour)' 
+ lnA 
-InA 


= 40jiiV/16 





Total error induced by a typical CMOS multiplexer 
to an SPGA at 25X 



10.21|iV 



NOTES 

'The resistor for this calculation is the user provided feedback resistance (Rp). 20kft is 
recommended value (see resistor programmable gam amplifier section). 

^The leakage currents (Is and loirr) will induce an offset voltage, however, the offset will 
be determined by the difference between the leakages of each "half of the differential 
multiplexer. The differential leakage current is multiplied by the feedback resistance 
(see Note l),to determine offset voltage Because differential leakage curent is not a 
parameter specified on muhiplexer data sheets, the most extreme difference (one most 
positive and one most negative) was used for the calculations in Table II. Typical 
performance will be much better. 

*The frequency response and settling will be affected by the ON resistance and internal 
capacitance of the multiplexer Figure 40 shows the settUng time vs. ON resistance at 
different gam settings for an AD625 based SPGA. 

**Switch resistance and leakage current errors can be reduced by using relays. 



Table II. Errors Induced by Multiplexer to an SPGA 
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F/grt/re 4a Settling Time to 0.01% of a 20V Step Input for 
SPGA with AD625 

DETERMINING SPGA RESISTOR NETWORK VALUES 

The individual resistors in the gain network can be calculated 
sequentially using the formula given below. The equation deter- 
mines the resistors as labeled in Figure 41. The feedback resistors 
and the gain setting resistors are interactive, therefore; the formula 
must be a series where the present term is dependent on the 
^preceding term(s). The formula 

Gi , Go=l 






Rp,^,= (20kO-2,RFp (1-577^) R 



can be used to calculate the necessary feedback resistors for any 
set of gains. This formula yields a network with a total resistance 
of 40kn. A dummy variable (j) serves as a counter to keep a 



running total of the preceding feedback resistors. To illustrate 
how the formula can be applied, an example similar to the cal- 
culation used for the resistor network in Figure 38 is examined 
below. 

1) Unity gain is treated as a separate case. It is implemented 
with separate 20kn feedback resistors as shown in Figure 41. It 
is then ignored in further calculations. 

2) Before making any calculations it is advised to draw a resistor 
network similar to the network in Figure 41. The network will 
have (2 X M) + 1 resistors, where M = number of gains. For 
Figure 38 M = 3 (4, 16, 64), therefore, the resistor string will 
have 7 resistors (plus the two 20kn "side" resistors for unity 
gain). 

3) Begin all calculations with Go = 1 and Rp = 0. 
Rp, = (20kn - Rfq) (1 - 1/4): Rp^ = .-. Rp, = ISkH 
Rp^ = [20kn - (Rp^ + Rpj)] (1 - 4/16): 

Rfo + Rf, = 15ka;.Rp2 = 3.75kn 
Rp3 = [20kn - (Rp^ + Rpj + Rpp] (1 - 16/64): 
Rfo + Rpi + Rf2 = 18.75ka;.Rp3 = 937.5n 

4) The center resistor (Rg of the highest gain setting), is determined 
last. Its value is the remaining resistance of the 40kfl string, 
and can be calculated with the equation: 

M 

Rg= (40ka- 2 ]^ Rp) 

)=o ' 

Rg = 40kn - 2(Rp^ + Rp, + Rp2 + RP3) 
40kn-39.375kn = 625a 

5) If different resistor values are desired, all the resistors in the 
network can be scaled by some convenient factor. However, 
raising the impedance will increase the RTO errors, lowering 
the total network resistance below 20kn can result in amplifier 
instability. More information on this phenomenon is given in 
the RPGA section of the data sheet. The scale factor will not 
affect the unity gain feedback resistors. The resistor network in 
Figure 38 has a scaling factor of 650/625 = 1.04, if this factor is 
used on Rpj, Rp^, Rp^, and Rg, then the resistor values will 
match exactly. 

6) Round off errors can be cumulative, therefore, it is advised 
to carry as many significant digits as possible until all the values 
have been calculated. 
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Figure 41. Resistors for a Gain Setting Network 
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CMV 


Gain Frequency 








In/Out 


Range Response 






Model 


Vpk 


VA^ kHz 


Page 


Notes 


28 1 (External oscillator for 286 or 292 A isolation amplifiers) 


5-39 




284 


2500 


1-10 1 


5-33 




286 


2500 


1-100 1 


5-39 


External oscillator (28 1 ) 


289 


2500 


1-100 20 


5-45 


3 -port isolation 


290 


1500 


1-100 2.5 


5-51 




292A 


1500 


1-100 2.5 


5-51 


External oscillator (281) 


AD202 


2000 


1-100 1.5 


5-7 




AD204 


2000 


1-100 5 


5-7 


External oscillator, uses AD246 clock 


AD210 


3500 


1-100 20 


5-19 


3-port isolation 


AD295 


2500 


1-1000 4.5 


5-27 


3-port isolation 
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Orientation 

Isolation Amplifiers 



The isolation amplifier (or isolator) has an input circuit that is 
galvanically isolated from the power supply md the output 
circuit. In the basic two-port form, the output and power circuits 
are not isolated from one another; in three-port isolators (see the 
figure), the input circuits, output circuits, and power source are 
all isolated from one another. In some 3-port isolators, the power 
for the output stage must be furnished from the signal's destination; 
however, in the device shown in Figure 1 , all internal power is 
furnished by its own power source; in addition, a modicum of 
auxiliary power is available to power external input and output 
circuitry. 

Isolators are intended for applications requiring safe, accurate 
measurement of dc and low-frequency voltage or current in the 
presence of high common-mode voltage (to thousands of volts) 
with high CMR, line-receiving of signals transmitted at high 
impedance in noisy environments, and for safety in general-purpose 
measurements where dc and line-frequency leakage must be 
maintained at levels well below certain mandated minima.* 
Principal applications are in electrical environments of the kind 
associated with medical equipment conventional and nuclear 
power plants, automatic test equipment and industrial process- 
control systems. 

Analog Devices Isolators described in this section (and in the 
Signal Conditioner section) use electromagnetically coupled high- 
frequency carrier techniques for communication of power to and 
signals from the input (and in some cases the output) circuit. 

CHOOSING AN ISOLATOR 

The choice of isolator depends on the desired functional charac- 
teristics and the required specifications. Functional characteristics 
include such considerations as number of channels in the system, 
range of output common-mode (output to power supply), nature 
of the front-end amplifier (amplification only or general op-amp 
functioning) and the availability of isolated power for additional 
external front-end (or back-end) circuitry. Key specifications 
include performance specs and "absolute max/min" mandated 
safety specifications. Definitions of specifications follow this 
section. In addition to the products listed here, which are re- 
commended for new designs, a number of older products are 
still available; data sheets are available upon request. In addition 
to the useful applications information on the data sheets published 
here, an applications guided available upon request, provides 
information useful to the circuit designer. 
The devices described in this section are all voltage-output 
isolation amplifiers, useful in general-purpose circuit applications 
for instrumentation amplifiers or op amps where isolation is a 
necessity. In addition to these devices, there are a growing 
number of isolators available from Analog Devices that perform 
dedicated functions, for use where isolation is necessary or 
desirable. Some of their applications can be seen in the Signal 
Conditioner section of this book and the Transducer Interfacing 
Handbook^. Power Supplies and DC-DC Converters, usually 
transformer-coupled, also provide isolation. 
^Examples of such requirements may be found in UL STD 544 and SWC 

(Surge Withstand Capability) in IEEE Standard for Transient Voltage 

Protection 472-1974. 
^Analog Devices Applications Guide to Isolation Amplifiers and Signal 

Conditioners 
^Sheingold, D.H., ed. Transducer Interfacing Handbook - A guide to 

analog signal conditioning. Norwood, MA 02062 (P.O. Box 796): 

Analog Devices, Inc., 1980, $14.50 




AD210 



PWR PWR COM 

Figure 1. AD210 Block Diagram 

Functional Characteristics: The figure shows the circuit architecture 
of a self-contained isolator. Model AD210. The various models 
differ, but their properties can be discussed in terms of the 
device shown. An isolator of this type requires power from a 
two- terminal dc supply. An internal oscillator converts the dc 
power to ac, which is transformer-coupled to the shielded input 
section, then converted to dc for the input stage and the auxiliary 
power output. The ac carrier is also modulated by the amplifier 
output, transformer-coupled to the output stage, demodulated 
by a phase-sensitive demodulator (using the carrier as the refer- 
ence), filtered and buffered, using isolated dc power (also available 
for auxiliary circuitry) derived from the carrier. 

The amplifier in this example is an uncommitted op amp, specified 
for programmable gains from 1 to lOOV/V, as determined by its 
feedback circuitry. Since both input terminals are floating, the 
amplifier functions effectively as an instrumentation amplifier. 
Most of the other devices in this series require just a single 
external resistor to set the gain. 

In the figure it can be seen that ac power is magnetically coupled 
from the oscillator to the output stage. This permits the output 
to operate at a dc common-mode potential with respect to power 
common. An isolator of this type is said to provide three-port 
isolation, because there are three isolated ports: input, power 
supply and output. Two-port devices are those in which there is 
a dc connection between the oscillator power supply and the 
output stage. 

The AD210, as can be seen, is a completely self-contained device. 
There are applications for which a degree of "unbundling" can 
lead to economy and improved performance. For example, if 
there are many input channels to be isolated, economies can be 
realized by the use of a common oscillator. In addition, the 
common oscillator makes it possible to avoid the possibility of 
small errors due to beat frequencies developed by small amounts 
of crosstalk in older amplifier designs. 

Several synchronized multichannel devices are available. Model 
204 is essentially a 202A with a power converter instead of an 
oscillator. It requires a pair of leads for an oscillator input, 
which can be furnished by an AD246 clock. 

SPECIFICATIONS 

The illustration on the next page shows a typical specification 
block; the specifications of key interest are defined. 
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For an initial choice of data sheets to inspect for a given application, 
the Selection Guide permits comparison on the basis of these 
key characteristics: common-mode voltage, specified gain range 
and frequency response. The "Notes" column indicates which 
devices require external oscillators (for lower cost in many-channel 



applications) and identifies devices that are three-port isolated. 
Good starting points are: for high performance, the AD210; for 
lowest cost, the AD202 and AD204, depending on whether the 
application calls for few or many channels. 



SPECIFICATIONS 



(typical @ + 25°C, & Vs = + 15V unless otherwise specified) 



NONLINEARITY - This is the 
peak deviation from a best straight 
line, expressed as a % of peak-to- 
peak output. Should be considered 
when signal fidelity is of prime ' 
importance. 



MAX SAFE DIFFERENTIAL' 

INPUT - Max voltage that can be 
safely applied across input terminals. 
Important to consider for fail-safe 
designs in the presence of high 
voltages. 



INPUT NOISE - Total noise, 
referred to the input. Facilitates 
comparison with expected signal 
input levels. 



GAIN 






Range 


iwrv-\oov/v 


* 


Error 


± 2% max 


±l%max 


vs Temperature (0 to +70°C) 


± 25ppm/°C max 


* 


( - 25°C to + 85°C) 


± 50ppm/°C max 


* 


vs Supply Voltage 


±0 002%A' 


* 


^Nonlinearity' 


±0 02 5% max 


±0 01 2% max 



INPUT VOLTAGE RATINGS 

Lmear Differential Range ± lOV 

Maximum Safe Differential Input ± 1 5 V 

^ Max CMV Input-to-Output 

ac, 60Hz, Continuous 2500V rms 

dc, Continuous ± 3500V peak 

Common-Mode Re)ection 

60Hz,G=100V/V 

Rs<500(Hmpedance Imbalance 120dB 
Leakage Current Input-to-Output 

fa 240Vrms,60Hz 2(iArmsmax 



1^5^ 



X 



INPUT IMPEDANCE 




^^^^ 


Differential 


lo'^n 


* ^^S^ 


Common Mode 


5Gn||5pF 




INPUT BIAS CURRENT 






Initial, fa +25°C 


30pAtyp(400pAmax) 




vs Temperature (0 to +70°C) 


lOnA max 




(-25°Cto+85°C) 


30nA max 




INPUT DIFFERENCE CURRENT 






Initial, (« +25°C 


5pAtyp(200pAmax) 




vs Temperature (0 to +70°C) 


2nA max 




(-25°Cto+85°C) 


lOnAmax 




^ INPUT NOISE 






Voltage (1 kHz) 


18nV/^/H7 




(lOHztolOkHz) 


4,jLVrms 




Current (1 kHz) 


OlpA/VHi 





ISOLATED POWER OUTPUTS - 

Dual supply voltages, completely iso- 
lated from the input power supply 
terminals, provide the capability to 
excite floating input and output signal 
conditioners, front-end amplifiers, as 
well as remote transducers. 



FREQUENCY RESPONSE 








Bandwidth (-3dB) 








G=1V/V 


20kHz 




* 


G=IOOV/V 


15kHz 




* 


Settling Time ( ± lOmV, 20V Step) 








G-IV/V 


150fts 






G=IOOV/V 


500^LS 




* 


Slew Rate (G=1V/V) 


IV/fjis 






OFFSET VOLTAGE (RTI)2 








Initial, fa +25''C 


(±15± 


: 45/G)mV max 


(±5 ±15/G)mVmax 


vs Temperature (0 to + 70°C) 


(±I0± 


: 30/G)^xV^C 




(-25°Cto+85°C) 


(±10± 


: 50/G)jxV/°C 


* 



RATED OUTPUT^ 






Voltage, 2kn Load 


±10Vmm 


* 


Impedance 


in max 


* 


Ripple, (Bandwidth = lOOkHz) 


lOmVp-pmax 


* 



^ ISOLATED POWER OUTPUTS 
Voltage, No Load 
Accuracy 
Current 

Regulation, No Load to Full Load 
Ripple 



±5mA 
See Text 
See Text 



POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent 
Current, Full Load - Full Signal 



-H5Vdc±5% 
-M5Vdc±10% 
50mA 



TEMPERATURE RANGE 






Rated Performance 


-25°Cto+85°C 


* 


Operating 


-40°Cto+85°C 


* 


Storage 


-40°Cto+g5°C 


* 


PACKAGE DIMENSIONS 






Inches 


I 00 X 2 10 X 350 


* 


Millimeters 


25 4 X 53 3 X 8 9 


* 



NOTES 

♦Specifications same as AD210AN 

'Gam nonlinearity increases by ±0 002%/mA when the isolated power outputs are used 
'RTI - Referred to Input 

'A reduced signal swing is recommended when both ± Viss and ± Vqss supplies are 
fully loaded, due to supply voltage reduction 
Specifications subject to change without notice 

Figure 2. Typical Isolator Specifications 



CMV, INPUTS TO OUTPUTS - 

Voltage that may be safely applied 
to both inputs with respect to 
outputs or power common. Neces- 
sary consideration in applications 
with high CMV input or when 
high voltage transients may occur 
' at the input. 

, CMR, INPUTS TO OUTPUTS - 

Indicates ability to reject common- 
mode voltages between inputs 
and outputs. Important when 
processing small signals riding on 
high common-mode voltages. 



* LEAKAGE CURRENT - Maxi- 
mum input leakage current when 
power-line voltage is impressed 
on inputs. Vital consideration 
for patient safety in medical 
applications. 



. OFFSET VOLTAGE REFERRED 
TO INPUT - Total input drift is 
composed of two sources (input 
and output stage drifts) and is 
gain (G) dependent. Referring 
offsets to the input allows them 
to be compared to signal levels. 
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ANALOG 
DEVICES 



Low Cost, Miniature 
Isolation Amplifiers 



AD202/AD204 



FEATURES 

SmaU Size: 4 Channels/Inch 

Low Power: 35mW (AD204) 

High Accuracy: ± 0.025% max Nonlinearity (K Grade) 

Higti CIVIR: 130dB (Gain = 100 VA/) 

Wide Bandwidth: 5l(Hz FuU-Power (AD204) 

High CMV Isolation: ±2000 V pk Continuous (K Grade) 

(Signal and Power) 
Isolated Power Outputs 
Uncommitted Input Amplifier 

APPLICATIONS 

Multichannel Data Acquisition 

Current Shunt Measurements 

Motor Controls 

Process Signal Isolation 

High Voltage Instrumentation Amplifier 

GENERAL DESCRKPTION 

The AD202 and AD204 are members of a new generation of 
low cost, high performance isolation amplifiers. A new circuit 
design, novel transformer construction, and the use of surface- 
mounted components in an automated assembly process result 
in remarkably compact, economical isolators whose performance 
in many ways exceeds that previously available from very expensive 
devices. The primary distinction between the AD202 and AD204 
is that the AD202 is powered directly from + 15V dc while the 
AD204 is powered by an externally supplied clock (AD246). 

The AD202 and AD204 employ transformer coupling and do 
not require the design compromises that must be made when 
optical isolators are used: each provides a complete isolation 
function, with both signal and power isolation internal to the 
module, and they exhibit no long-term parameter shifts under 
sustained common-mode stress. l*ower consmnption, nonlinearity, 
and drift are each an order of magnitude lower than can be ob- 
tained from other isolation techniques, and these advantages 
are obtained without sacrifice of bandwidth or noise performance. 

The design of the AD202 and AD204 emphasizes ease of use in 
a broad range of applications where signals must be measured or 
transmitted without a galvanic connection. In addition, the low 
cost and small size of these isolators makes component-level 
circuit applications of isolation practical for the first time. 

PRODUCT HIGHLIGHTS 

The AD202 and AD204 are full-featured isolators offering nimier- 
ous benefits to the user: 

Small Size: The AD202 and AD204 are available in SIP and 
DIP form packages. The SIP package is just 0.25" wide, giving 
the user a channel density of foiu: channels per inch. The isolation 
barrier is positioned to maximize input to output spacing. For 
applications requiring a low profile, the DIP package provides a 
height of just 0.350". 



AD202 FUNCTIONAL BLOCK DIAGRAM 




High Accuracy: With a maximum nonlinearity of ± 0.025% for 
the AD202K/AD204K (±0.05% for the AD202J/AD204J) and 
low drift over temperatiu-e, the AD202 and AD204 provide high 
isolation without loss of signal integrity. 

Low Power: Power consumption of 35mW (AD204) and 75mW 
(AD202) over the full signal range makes these isolators ideal 
for use in applications with large channel coimts or tight power 
budgets. 

Wide Bandwidth: The AD204's full-power bandwidth of 5kHz 
makes it useful for wideband signals. It is also effective in appli- 
cations like control loops, where limited bandwidth could result 
in instability. 

Excellent Common-Mode Performance: The AD202K/AD204K 
provide ± 2000V pk continuous conmion-mode isolation, while 
the AD202J/AD204J provide ± lOOOV pk continuous conmion- 
mode isolation. All models have a total common-mode input 
capacitance of less than 5pF inclusive of power isolation. This 
results in CMR ranging from IBOdB at a gain of 100 to 104dB 
(minimum at unity gain) and very low leakage current (2^,A 
maximimi). 

Flexible Input: An unconunitted op amp is provided at the 
input of all models. This provides buffering and gain as required, 
and facilitates many alternative input functions including filtering, 
summing, high-voltage ranges, and current (transimpedance) 
input. 

Isolated Power: The AD204 can supply isolated power of ± 7.5V 
at 2mA. This is sufficient to operate a low-drift input preamp, 
provide excitation to a semiconductor strain gage, or to power 
any of a wide range of user-supplied ancillary circuits. The 
AD202 can supply ± 7.5V at 0.4mA which is sufficient to operate 
adjustment networks or low-power references and op amps, or 
to provide an open-input alarm. 
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SPECIFICATIONS 



(typical @ +25t) and V$= + 15Y unless otheiwise noted) 



Model 


AD204J 


AD204K 


AD202J 


AD202K 


GAIN 










Range 


IVA^-IOOVA^ 


* 


* 


* 


Error 


±0.5%typ(±4%max) 


* 


* 


• 


vs. Temperature 


± 20ppm/''C typ ( ± 45ppm/''C max) 


* 


* 


• 


vs. Time 


±50ppm/1000 Hours 


• 


A 


* 


vs. Supply Voltage 


±0.001%A^ 


±0.001%/V 


±0.01%A^ 


±0.01%A^ 


Nonlinearity(G=lVA^)' 


±0.05% max 


±0.025% max 


±0.05% max 


±0.025% max 


INPUT VOLTAGE RATINGS 










Linear Differential Range 


±5V 


* 


* 


• 


Max CM V Input to Output 










ac, 60Hz, Continuous 


750V rms 


1500V rms 


750V rms 


1500V rms 


Continuous (dc and ac) 


±1000Vpeak 


± 2000V peak 


±1000Vpeak 


± 2000V peak 


Common-Mode Rejection (CMR), @ 60Hz 










Rs = ^ lOOn (HI & LO Inputs) G = 1 


llOdB 


IlOdB 


105dB 


105dB 


G=100 


BOdB 


* 


* 


* 


Rs = s Ikn (Input HI, LO, or Both) G = 1 


104dBmin 


104dBmin 


lOOdBmin 


lOOdBmin 


G=100 


llOdBmin 


* 


* 


* 


Leakage Current Input to Output 










@240Vrms,60Hz 


2fjLArmsmax 


* 


* 


* 


INPUT IMPEDANCE 










Differential (G=1VA^) 


10'^ a 


* 


* 


* 


Common Mode 


2Gn||4.5pF 


* 


* 


• 


INPUT BIAS CURRENT 










Initial, @ + 25°C 


±30pA 


* 


* 


* 


vs. Temperature (0 to + 70°C) 


±10nA 


* 


* 


■k 


INPUT DIFFERENCE CURRENT 










Initial, @ + 25°C 


±5pA 


• 


* 


* 


vs. Temperature (0 to + 70°C) 


±2nA 


* 


* 


* 


INPUT NOISE 










Voltage, 0.1 to lOOHz 


4tJLVp-p 


* 


* 


* 


f>200Hz 


50nV/\/Hz 


* 


* 


* 


FREQUENCY RESPONSE 










Bandwidth (Vq ^ lOV p-p, G = 1-50VA^) 


5kHz 


5kHz 


2kHz 


2kHz 


Settling Time, to ± lOmV ( lOV Step) 


1ms 


* 


* 


* 


OFFSET VOLTAGE (RTI) 










Initial, @ + 25°C Adjustable to Zero 


(±15±15/G)mVmax 


(±5±5/G)mVmax 


(±15 ±15/G)mVmax 


(±5±5/G)mVmax 


vs. Temperature (0 to + 70°C) 


(..o.f).v.c 


* 


* 


* 


RATED OUTPUT 










Voltage (Out HI to Out LO) 


±5V 


* 


* 


* 


Voltage at Out HI or Out LO (Ref . Pin 32) 


±6.5V 


* 


• 


• 


Output Resistance 


3ka 


3kn 


7kn 


7ka 


Output Ripple, lOOkHz Bandwidth 


lOmVpk-pk 


* 


* 


* 


5kHz Bandwidth 


0.5mVrms 


* 


* 


* 


ISOLATED POWER OUTPUT^ 










Voltage, No Load 


±7.5V 


* 


* 


• 


Accuracy 


± 10% 


* 


* 


* 


Current 


2mA (Either Output)' 


2mA (Either Output)' 


400jiiA Total 


400tJiA Total 


Regulation, No Load to Full Load 


5% 


* 


* 


• 


Ripple 


lOOmVpk-pk 


* 


* 


* 


OSCILLATOR DRIVE INPUT 










Input Voltage 


15Vpk-pk nominal 


15Vpk-pk nominal 


N/A 


N/A 


Input Frequency 


25kHz nominal 


25kHz nominal 


N/A 


N/A 


POWER SUPPLY (AD202 Only) 










Voltage, Rated Performance 


N/A 


N/A 


+ 15V±5% 


+ 15V±5% 


Voltage, Operating 


N/A 


N/A 


+ 15V ±10% 


+ 15V ± 10% 


Current, No Load (Vs = + 1 5 V) 


N/A 


N/A 


5mA 


5mA 


TEMPERATURE RANGE 










Rated Performance 


0to+70°C 


* 


* 


* 


Operating 


-40°Cto+85°C 


* 


* 


• 


Storage 


-40°Cto+85X 


* 


* 


* 


PACKAGE DIMENSIONS* 










SIP Package (Y) 


2.08" X 0.250" X 0.625" 


* 


* 


* 


DIP Package (N) 


2. 10" X 0.700" X 0.350" 


4r 


* 


* 



NOTES 

* Specifications same as AD204J. 

' Nonlinearity is specified as a % deviation from a best straight line. 

^ 1 .OfiF mm decoupling required (see text) 

'3mA with one supply loaded 

*Width is 0.25" typ, 0.26" max 

Speciflcations subject to change without notice 
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PIN DESIGNATIONS 



AD202/AD204 SIP PACKAGE 



AD202/AD204 DIP PACKAGE 



PIN 



1 
2 
3 
4 
5 
6 

31 
32 
33 
37 
38 



FUNCTION 



+ INPUT 

INPUT/V,so COMMON 

-INPUT 

INPUT FEEDBACK 

-V,so OUTPUT 

+ V,so OUTPUT 

+ 15V POWER IN (AD202 ONLY) 
CLOCK/POWER COMMON 
CLOCK INPUT ( AD204 ONLY) 
OUTPUT LO 
OUTPUT HI 



PIN 


FUNCTION 


1 


+ INPUT 


2 


INPUTA/,so COMMON 


3 


-INPUT 


18 


OUTPUT LO 


19 


OUTPUT HI 


20 


+ 15V POWER IN (AD202 ONLY) 


21 


CLOCK INPUT ( AD204 ONLY) 


22 


CLOCK/POWER COMMON 


36 


+ V,so OUTPUT 


37 


-V,so OUTPUT 


38 


INPUT FEEDBACK 



AD202/AD204 ORDERING GUIDE 





Package 


Max Common- 


Max 


Model 


Optioii 


Mode Voltage (Peak) 


Linearity 


AD202JY 


SIP 


lOOOV 


±0.05% 


AD202KY 


SIP 


2000V 


, ±0.025% 


AD202JN 


DIP 


lOOOV 


±0.05% 


AD202KN 


DIP 


2000V 


±0.025% 


AD204JY 


SIP 


lOOOV 


±0.05% 


AD2a4KY 


SIP 


2000V 


±0.025% 


AD204JN 


DIP 


lOOOV 


±0.05% 


AD204KN 


DIP 


2000V 


±0.025% 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



AD202/AD204 SIP PACKAGE 



AD202/AD204 DIP PACKAGE 



10 

J2 5) 

i_ 



-2 08(52 8) MAX - 



AD202/AD204 . 

FRONT VIEW 



625 

(15 9) 
MAX 



-•I |«~0 10 (2 5) TYP 

. Ii,3« « 5 BO TT OM VIEW 

"= I 2-4-] -6 



'(2°JH I*- h ^'^^' 130(33 0)- 



1 0.20 1^ 

3T 033 -37 1 
32- 38- I 



-I k 
12 (3 0) 



NOTE 

PIN 31 IS PRESENT ONLY ON AD202 

PIN 33 IS PRESENT ONLY ON AD204 



?rf? 01 

rT" (0 2 

10 (2 5) TYP 



010 
(2 5) 
MIN 



- 2 100 (53 3) MAX - 



JUU 010x0 020 
-nr- (0 25x0 51) 



10 (2 5) TYP-»»i \*- 



50 

(12 7) 

4 



015_^ 
(3 8)^ 



BOTTOM VIEW 



, 38 37 36 

l-T" 



-| — r 

350 (8 9) 
MAX I 



T" 



z 21 20 r 
Jill 



700 
(178) 
MAX 



NOTE 

PIN 20 IS PRESENT ONLY ON AD202 

PIN 21 IS PRESENT ONLY ON AD204 



AC1058 MATING SOCKET 



AC1060 MATING SOCKET 





(by 3) 


-♦ 




10 

1 Y^l 


(63 5) 












— o— 


^A 


< 


^ - » - 




\ — 






-• V. 


J 






-J 



075 

♦- (19) 

TYP 



4r-0 24 

\ 10 (2 5) AC1058 CAN BE USED AS A SOCKET "^ r^ 

(BOTH ENDS) '^^^ AD202, AD204 and AD246 300 (7 5) (MAX) 

NOTE AMP ZP SOCKET (PIN 2 - 382006 - 3) 

MAY BE USED IN PUCE OF THE AC1058 



\oiO(2 5)DIA 
BOTH ENDS 









2600 













2.350 


(65 0) 








r 




(58 7) 






1 




■^ 


t 






1 






' 








-®- 


500 


, 






(12 5) 


yo-o-o 






' 







1 Y 



jn 
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SPECIFICATIONS 

(typical @ + 251; and Vs= + 15V unless otherwise noted) 



AD246 PIN DESIGNATIONS 



Model 


AD246JY 


AD246JN 


OUTPUT^ 








Frequency 




25kHz nominal 


• 


Voltage 




15Vp-p nominal 


• 


Fan-Out 




32 max 


• 


POWER SUPPLY 








REQUIREMENTS 








Input Voltage 




+ 15V±5% 


• 


Supply Current 








Unloaded 




3.5mA 


• 


Each AD204 Adds 




2.2mA 


• 


Each 1mA Load on 


AD204 






+ Visoor-Visc 


»Adds 


0.7mA 


• 



NOTES 

*Specifications the same as the AD246JY. 

'The high current drive output will not support a short to ground. 

Specifications subject to change without notice. 



PIN(Y) 


PIN(N) 


FUNCTION 


1 

2 

12 

13 


12 

1 

14 

24 


+ 15V POWER IN 
CLOCK OUTPUT 
COMMON 
COMMON 




CAUTION 

ESD (Electro-Static-Discharge) sensitive de- 
vice. Permanent damage may occur on uncon- 
nected devices subject to high energy electro- 
static fields. Unused devices must be stored in 
conductive foam or shunts. The protective foam 
should be discharged to the destination socket 
before devices are removed. 



DIFFERENCES BETWEEN THE AD202 AND AD204 

The primary distinction between the AD202 and AD204 is in 
the method by which they are powered: the AD202 operates 
directly from + 15V dc while the AD204 is powered by a non- 
isolated externally-suppUed clock (AD246) which can drive up 
to 32 AD204s. The main advantages of using the externally-clocked 
AD204 over the AD202 are reduced cost in multichannel apph- 
cations, lower power consumption, and higher bandwidth. In 



addition, the AD204 can supply substantially more isolated 
power than the AD202. 

Of course, in a great many situations, especially where only one 
or a few isolators are used, the convenience of stand-alone operation 
provided by the AD202 will be more significant than any of the 
AD204*s advantages. There may also be cases where it is desirable 
to accommodate either device interchangeably, so the pinouts of 
the two products, have been designed to make that easy to do. 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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Figure la. AD202 Functional Block Diagram 
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Figure lb. AD204 Functional Block Diagram 



INSIDE THE AD202 AND AD204 

The AD202 and AD204 use an amplitude modulation technique 
to permit transformer coupling of signals down to dc (Figure la 
and lb). Both models also contain an imcommitted input op 
amp and a power transformer which provides isolated power to 
the op amp, the modulator, and any external load. The power 
transformer primary is driven by a 25kHz, 15V p-p square wave 
which is generated internally in the case of the AD202, or supplied 
externally for the AD204. 

Within the signal swing limits of approximately ± 5V, the output 
voltage of the isolator is equal to the output voltage of the op 
amp; that is, the isolation barrier has unity gain. The output 



NONLINEARITY 



signal is not internally buffered, so the user is free to interchange 
the output leads to get signal inversion. Additionally, in multi- 
channel applications, the unbuffered outputs can be multiplexed 
with one buffer following the mux. This technique minimizes 
offset errors while reducing power consiunption and cost. The 
output resistance of the isolator is tjrpically 3kn for the AD204 
(7kft for AD202) and varies with signal level and temperature, 
so it should not be loaded (see Figure 2 for the effects of load 
upon nonlinearity and gain drift). In many cases a high-impedance 
load will be present or a following circuit such as an output 
filter can serve as a buffer, so that a separate buffer function 
will not often be needed. 




GAIN GAINTC 

CHANGE CHANGE 

m (ppm/°C) 

-10 -500 



OUTPUT LOAD -Win 



Figure 2. Effects of Output Loading 

(Circuit figures shown on this page are for SIP style pack- 
ages. Refer to third page of this data sheet for proper DIP 
package pin-out) 
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USING THE AD202 AND AD2a4 

Powering the AD202. The AD202 requires only a single + 15V 
power supply connected as shown in Figure^a. A bypass capacitor 
is provided in the module. 



Input Configurations. The AD202 and AD204 have been de- 
signed to be very easy to use in a wide range of applications. 
The basic connection for standard unity gain applications, useful 
for signals up to ± 5V, is shown in Figure 5; some of the possible 
variations are described below. When smaller signals must be 



AD202 



+ 15V±5% 
15V RETURN 



Figure 3a. 



Powering the AD204. The AD204 gets its power from an ex- 
ternally supplied clock signal (a 15V p-p square wave with a 
nominal frequency of 25kHz) as shown in Figiu*e 3b. 
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Figure 3b. 



AD246 Clock Driver. The AD246 is a compact, inexpensive 
clock driver that can be used to obtain the required clock from 
a single 15V supply. Alternatively, the circuit shown in Figure 4 
(essentially an AD246) can be used. In either case, one clock 
circuit can operate at least 32 AD204s at the rated minimum 
supply voltage of 14.25V and one additional isolator can be 
operated for each 40mV increase in supply voltage up to 15V. A 
jsupply bypass capacitor is included in the AD246, but if many 
AD204s are operated from a single AD246, an external bypass 
capacitor should be used with a value of at least l|xF for every 
five isolators used. Place the capacitor as close as possible to the 
clock driver. 



Figure 5. Basic Unity-Gain Application 

handled. Figure 6 shows how to get gain while preserving a 
very high input resistance. The value of feedback resistor Rp 
should be kept above 20kn for best results. Whenever a gain of 
more than five is taken, a lOOpF capacitor from FB to IN COM 
is required. At lower gains this capacitor is unnecessary, but it 
will not adversely affect performance if used. 




t-fi^ 



Figure 6. Input Connections for Gain > 1 









14 


.1 






le 








1— -0+15V 


180pF , 
il 


C Q 

RC '^•^ 

4047B 
R 


10 2 




> 


IN 914 
7 


«CLK 


' 




.4 




5 




[ 


"<-'OUT 


Lw^ 


>] 


■-is: 


49 9k 




/ 




IN 914 






12 


u 


8 


7 


4 


T 


ELEI 
TS 


)YNE 
C426 


3 


_ 


i 


, rt CLK& 

^— O PWRCOM 



Figure 4. Clock Driver 

(Circuit figures shown on this page are for SIP style pack- 
ages. Refer to third page of this data sheet for proper DIP 
package pin-out.) 



The "noninverting" circuit of Figures 5 and 6 can also be used 
to advantage when a signal inversion is needed: just interchange 
either the input leads or the output leads to get inversion. This 
approach retains the high input resistance of the "noninverting" 
circuit, and at miity gain no gain-setting resistors are needed. 

When the isolator is not powered, a negative input voltage of 
more than about 2V will cause an input current to flow. If the 
signal source can supply more than a few mA under such condi- 
tions, the 2kn resistor shown in series with IN + should be 
used to limit current to a safe value. This is particularly important 
with the AD202, which may not start if a large input current is 
present. 
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Figure 7 shows how to accommodate current inputs or sum 
currents or voltages. This circuit can also be used when the 
input signal is larger than the ± 5V input range of the isolator; 
for example, a ± 50V input span can be acconmiodated with 
Rp = 20k and Rs = 200k. Once again, a capacitor from FB to 
IN COM is required for gains above 5. 




RpaZOkfl 

Figure 7. Connections for Summing or Current Inputs 



Adjustments. When gain and zero adjustments are needed, the 
circuit details will depend on whether adjustments are to be 
made at the isolator input or output, and (for input adjustments) 
on the input circuit used. Adjustments are usually best done on 
the input side, because it is better to null the zero ahead of the 
gain, and because gain adjustment is most easily done as part of 
the gain-setting network. Input adjustments are also to be preferred 
when the pots will be near the input end of the isolator (to 
minimize common-mode strays). Adjustments on the output 
side might be used if pots on the input side would represent a 
hazard due to the presence of large common-mode voltages 
during adjustment. 

Figure 8a shows the input-side adjustment connections for use 
with the "noninverting" connection of the input amplifier. The 
zero adjustment circuit injects a small adjustment voltage in 
series with the low side of the signal source. (This will not work 
if the source has another current path to input common or if 
current flows in the signal source LO lead). Since the adjustment 
voltage is injected ahead of the gain, the values shown will work 
for any gain. Keep the resistance in series with input LO below 
a few hundred ohms to avoid CMR degradation. 




Figure 8a. Adjustments for Noninverting Connection of 
Op Amp 

Also shown in Figure 8a is the preferred means of adjusting the 
gain-setting network. The circuit shown gives a nominal Rp of 
50kn, and will work properly for gains of ten or greater. The 
adjustment becomes less effective at lower gains (its effect is 
halved at G = 2) so that the pot will have to be a larger fraction 
of the total Rp at low gain. At G = 1 (follower) the gain cannot 
be adjusted downward without compromising input resistance; 
it is better to adjust gain at the signal source or after the output. 

Figure 8b shows adjustments for use with inverting input circuits. 
The zero adjustment nulls the voltage at the smnming node. 
This method is preferable to current injection because it is less 
affected by subsequent gain adjustment. Gain adjustment is 
again done in the feedback; but in this case it will work all the 
way down to unity gain (and below) without alteration. 




(Circuit figures shown on tfiis page are for SIP style pack- 
ages. Refer to third page of this data sheet for proper DIP 
package pin-out.) 



Figure 8b. Adjustments for Summing or Current Input 
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Figure 9 shows how zero adjustment is done at the output by 
taking advantage of the semi-floating output port. The range of 
this adjustment will have to be increased at higher gains; if that 
is done, be sure to use a suitably stable supply voltage for the 
pot ckcuit. 

There is no easy way to adjust gain at the output side of the 
isolator itself. If gain adjustment must be done on the output 
side, it will have to be in a following circuit such as an output 
buffer or fQter. 




Figure 9. Output-Side Zero Adjustment 



Common-Mode Performance. Figures 10a and 10b show how 
the common-mode rejection of the AD202 and AD204 varies 
with frequency, gain, and source resistance. For these isolators, 
the significant resistance will normally be that the path from the 
source of the common-mode signal to IN COM. The AD202 
and AD204 also perform well in applications requiring rejection 
of fast common-mode steps, as described in the Applications 
section. 
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Figure 10b. AD202 

Dynamics and Noise. Frequency response plots for the AD202 
and AD204 are given in Figure 11. Since neither isolator is 
slew-rate limited, the plots apply for both large and small signals. 
Capacitive loads of up to 470pF will not materially affect frequency 
response. When large signals beyond a few hundred Hz will be 
present, it is advisable to bypass - Viso and + Viso to IN COM 
with \\lP tantalum capacitors even if the isolated supplies are 
not loaded. 

At 50/60HZ, phase shift through the AD202/AD204 is typically 
0.8°C (lagging). Typical unit - unit variation is ±0.2°C 
(lagging). 
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Figure 10a. AD204 



Figure 1 1. Frequency Response at Several Gains 



(Circuit figures stiown on ttiis page are for SIP style pack- 
ages. Refer to third page of this data sheet for proper DIP 
package pin-out.) 
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The step response of the AD204 for very fast input signals can 
be improved by the use of an input filter, as shown in Figure 
12. The filter limits the bandwidth of the input (to about 5.3kHz) 
so that the isolator does not see fast, out-of-band input terms 
that can cause small amounts (±0.3%) of internal ringing. The 
AD204 will then settle to ±0.1% in about 300 microseconds for 
a lOV step. 




Figure 12. Input Filter for Improved Step Response 

Except at the highest useful gains, the noise seen at the output 
of the AD202 and AD204 will be almost entirely comprised of 
carrier ripple at multiples of 25kHz. The ripple is typically 2mV 
p-p near zero output and increases to about 7mV p-p for outputs 
of ±5V (IMHz measurement bandwidth). Adding a capacitor 
across the output will reduce ripple at the expense of bandwidth: 
for example, 0.05|xF at the output of the AD204 will result in 
1.5mV ripple at ± 5V, but signal bandwidth will be down to 
IkHz. 

When the full isolator bandwidth is needed, the simple two-pole 
active filter shown in Figure 13 can be used. It will reduce 
ripple to 0. ImV p-p with no loss of signal bandwith, and also 
serves as an output buffer. 

An output buffer or filter may sometimes show output spikes 
that do not appear at its input. This is usually due to clock 
noise appearing at the op amp's supply pins (since most op 
amps have little or no supply rejection at high frequencies). 
Another common source of carrier-related noise is the sharing of 
a ground track by both the output circuit and the power input. 
Figure 13 shows how to avoid these problems: the clock/supply 
port of the isolator does not share ground or 15V tracks with 
any signal circuits, and the op amp's supply pins are bypassed 
to signal conmion (note that the grounded filter capacitor goes 
here as well). Ideally, the output signal LO lead and the supply 
common meet where the isolator output is actually measured, 
e.g. at an A/D converter input. If that point is more than a few 
feet from the isolator, it may be useful to bypass output LO to 
supply common at the isolator with a O.IjjlF capacitor. 



In applications where more than a few AD204s are driven by a 
single clock driver, substantial current spikes will flow in the 
power return line and in whichever signal out lead returns to a 
low impedance point (usually output LO). Both of these tracks 
should be made large to minimize inductance and resistance; 
ideally, output LO should be directly connected to a ground 
plane which serves as measurement common. 

Current spikes can be greatly reduced by connecting a small 
inductance (68jjlH-100|ulH) in series with the clock pin of each 
AD204. Molded chokes such as the Dale IM-2 series, with dc 
resistance of about 5fl, are suitable. 




Figure 13. Output Filter Circuit Showing Proper 
Grounding 

Using Isolated Power. Both the AD202 and the AD204 provide 
±7.5V power outputs referenced to input conmion. These may 
be used to power various accessory circuits which must operate 
at the input common-mode level; the input zero adjustment pots 
described above are an example, and several other possible uses 
are shown in the section titled Application Examples. 

The isolated power output of the AD202 (400jiA total from 
either or both outputs) is much more limited in current capacity 
than that of the AD204, but it is sufficient for operating micropower 
op amps, low power references (such as the AD589), adjustment 
circuits, and the like. 

The AD204 gets its power from an external clock driver, and 
can handle loads on its isolated supply outputs of 2mA for each 
supply terminal ( + 7.5V and -7.5V) or 3mA for a single loaded 
output. Whenever the external load on either supply is more 
than about 200|jlA, a 1|xF tantalum capacitor should be used to 
bypass each loaded supply pin to input common. 



(Circuit figures shown on this page are for SIP style pack- 
ages. Refer to third page of this data sheet for proper DIP 
package pin-out) 



ISOLATION AMPLIFIERS 5-15 



up to 32 AD204s can be driven from a single AD246 (or equivalent) 
clock driver when the isolated power outputs of the AD204s are 
loaded with less than 200}j,A eachj at a worst-case supply voltage 
of 14.25V at the clock driver. The number of AD204s that can 
be driven by one clock driver is reduced by one AD204 per 
3.5mA of isolated power load current at 7.5V, distributed in 
any way over the AD204*s being suppUed by that clock driver. 
Thus a load of 1.75mA from + Viso to - Viso would also count 
as one isolator because it spans 15V. 

It is possible to increase clock fanout by increasing supply voltage 
above the 14.25V minimiun required for 32 loads. One additional 
isolator (or 3.5mA unit load) can be driven for each 40mV of 
increase in supply voltage up to 15V. Therefore if the minimum 
supply voltage can be held to 15V - 1%, it is possible to operate 
32 AD204's and 52mA of 7.5V loads. Figure 14 shows the 
allowable combinations of load current and channel count for 
various supply voltages. 



PCB Layout for Multichannel Applications. The pinout of the 
AD204Y has been designed to make very dense packing possible 
in multichannel applications. Figure 16a shows the recommended 
printed circuit board (PCB) layout for the simple voltage-follower 
connection. When gain-setting resistors are present, 0.25" channel 
centers can still be achieved, as shown in Figure 16b. 
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Figure 16a. 
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Figure 14. AD246 Fanout Rules 

Operation at Reduced Signal Swing. Although the nominal 
output signal swing for the AD202 and AD204 is ± 5V, there 
may be cases where a smaller signal range may be desirable. 
When that is done, the fixed errors (principally offset terms and 
output noise) become a larger fraction of the signal, but nonlinearity 
is reduced. This is shown in Figure 15. 
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Figure 15. Nonlinearity vs. Signal Swing 
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Figure 16b. 



(Circuit figures shown on this page are for SIP style pack- 
ages. Refer to third page of this data sheet for proper DIP 
package pin-out.) 



Sjmcliroiiization. Since AD204's operate from a common clock, 
synchronization is inherent. AD202s will normally not interact 
to produce beat frequencies even when moimted on 0.25-inch 
centers. Interaction may occur in rare situations where a large 
number of long, unshielded input cables are bimdled together 
and channel gains are high. In such cases, shielded cable may 
be required or AD204's can be used. 

APPLICATIONS EXAMPLES 

Low-Level Sensor Inputs. In applications where the output of 
low-level sensors such as thermocouples must be isolated, a low- 
drift input amplifier can be used with an AD204, as shown in 
Figure 17. A three-pole active filter is included in the design to 
get normal-mode rejection of frequencies above a few Hz and to 
provide enhanced common-mode rejection at 60Hz. If offset 
adjustment is needed, it is best done at the trim pins of the 
OP-07 itself; gain adjustment can be done at the feedback 
resistor. 
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Figure 18. Process Current Input Isolator with Offset 



The circuit as shown requires a source compliance of at least 
SV, but if necessary that can be reduced by using a lower value 
of current-sampling resistor and configuring the input amplifier 
for a small gain. 

High-Compliance Current Source. In Figure 19, an isolator is 
used to sense the voltage across current-sensing resistor R to 
allow direct feedback control of a high-voltage transistor or FET 
used as a high-compliance ciurent source. Since the isolator has 
virtually no response to dc common-mode voltage, the closed-loop 
current source has a static output resistance greater than lO^^H 
even for output currents of several mA. The output current 
capability of the circuit is limited only by power dissipation in 
the source transistor. 



Figure 17. Input Amplifier & Filter for Sensor Signals 



Note that the isolated supply current is large enough to mandate 
the use of \\lP supply bypass capacitors. This circuit can be 
used with an AD202 if a low-power op amp is used instead of 
the OP-07. 

Process Current Input with Offset. Figure 18 shows an isolator 
receiver which translates a 4-20mA process current signal into a 
to + lOV output. A IV to 5V signal appears at the isolator's 
output, and a - IV reference applied to output LO provides the 
necessary level shift (in multichannel applications, the reference 
can be shared by all channels). This technique is often useful 
for getting offset with a follower-type output buffer. 



-10V to +250V 



--\\ 




(Circuit figures shown on this page are for SIP style pack- 
ages. Refer to third page of this data sheet for proper DIP 
package pin-out) 



Figure 19. High-Compliance Current Source 
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Motor Control Isolator. The AD202 and AD204 perform very 
well in applications where rejection of fast common-mode steps 
is important but bandwidth must not be compromised. Current 
sensing in a full-wave bridge motor drivei* (Figure 20) is one 
example of this class of application. I'or 200V common-mode 
steps (lp.s rise time) and a gain of 50 as shown, the typical 
response at the isolator output will be spikes of ± 5mV amplitude, 
decaying to zero in less than 100|xs. Spike height can be reduced 
by a factor of four with output fUtering just beyond the isolator's 
bandwidth. 





AD589 ^ 



Load = -i-^ (2mA max) 
VloadS4V 



Figure 21. Floating Current Source 



Photodiode Amplifier. Figure 22 shows a transresistance con- 
nection used to isolate and amplify the output of a photodiode. 
The photodiode operates at zero bias, and its output current is 
scaled by Rp to give a + 5V full-scale output. 



Figure 20. Motor Control Current Sensing 



Floating Current Soiirce/Ohmmeter. When a small floating 
current is needed with a compliance range of up to ± lOOOV dc, 
the AD204 can be used to both create and regulate the current. 
This can save considerable power, since the controlled current 
does not have to return to ground. In Figure 21, an AD589 
reference is used to force a small fixed voltage across R. That 
sets the current which the input op amp will have to return 
through the load to zero its input. Note that the isolator's output 
isn't needed at all in this appUcation; the whole job is done by 
the input section. However, the signal at the output could be 
useful: it's the voltage across the load, referenced to ground. 
Since the load current is known, the output voltage is proportional 
to load resistance. 



lOjJiA I 
F.S. f 




Figure 22. Photodiode Amplifier 



(Circuit figures shown on this page are for SIP style pack- 
ages. Refer to third page of this data sheet for proper DIP 
package pin-out) 
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ANALXXB 
DEVICES 



Precision, Wide Bandwidth, 
3-Port Isolation Amplifier 




FEATURES 

High CMV Isolation: 2500V rms Continuous 

± 3500V peak Continuous 
Small Size: l.orx 2.10" x 0.350" 
Three-Port Isolation: Input, Output, and Power 
Low Nonlinearity: ±0.012% max 
Wide Bandwidth: 20kHz Full-Power (-3dB) 
Low Gain Drift: ±25ppm/^C max 
High CMR: 120dB (G = 100VAA) 
Isolated Power: ±15V @ ±5mA 
Uncommitted Input Amplifier 

APPLICATIONS 

Multi-Channel Data Acquisition 
High Voltage Instrumentation Amplifier 
Current Shunt Measurements 
Process Signal Isolation 

GENERAL DESCRIPTION 

The AD210* is the latest member of a new generation of low 
cost, high perfonnance isolation amplifiers. This three-port, 
wide bandwidth isolation amplifier is manufactured with surface- 
mounted components in an automated assembly process. The 
AD210 combines design expertise with state-of-the-art manufac- 
turing technology to produce an extremely compaa and economical 
isolator whose performance and abundant user features far exceed 
those offered in more expensive devices. 

The AD210 provides a complete isolation function with both 
signal and power isolation suppUed via transformer coupling 
internal to the module. The AD210's functionally complete 
design, powered by a single + 15V supply, eliminates the need 
for an external DC/DC converter, unlike optically coupled isolation 
devices. The true three-port design structure permits the AD210 
to be applied as an input or output isolator, in single or multi- 
channel applications. The AD210 will maintain its high per- 
formance under sustained common-mode stress. 

Providing high accuracy and complete galvanic isolation, the 
AD210 interrupts ground loops and leakage paths, and rejects 
common-mode voltage and noise that may otherwise degrade 
measurement accuracy. In addition, the AD210 provides protec- 
tion from fault conditions that may cause damage to other sections 
of a measurement system. 

PRODUCT HIGHLIGHTS 

The AD210 is a full-featured isolator providing numerous user 
benefits including: 

High Commoii-Mode Performance: The AD210 provides 2500V 
rms (Continuous) and ± 3500V peak (Continuous) common-mode 
voltage isolation between any two ports. Low input 



AD210 FUNCTIONAL BLOCK DIAGRAM 




PWR PWR COM 



capacitance of 5pF results in a 120dB CMR at a gain of 100, 
and a low leakage current (2|jlA rms max @ 240V rms, 60Hz). 

High Accuracy: With maximum nonlinearity of ±0.012% 
(B Grade), gain drift of ± 25ppm/'C max and input offset drift 
of ( ± 10± 30/G) jjlV/°C, the AD210 assures signal integrity while 
providing high level isolation. 

Wide Bandwidth: The AD210's ftdl-power bandwidth of 20kHz 
makes it useful for wideband signals. It is also effective in appli- 
cations like control loops, where limited bandwidth could result 
in instability. 

Small Size: The AD210 provides a complete isolation function 
in a small DIP package just 1.00" x 2.10" x 0.350". The low 
profile DIP package allows application in 0.5" card racks and 
assembUes. The pinout is optimized to facilitate board layout 
while maintaining isolation spacing between ports. 

Three-Port Design: The AD210's three-port design structure 
allows each port (Input, Output, and Power) to remain indepen- 
dent. This three-port design permits the AD210 to be used as 
an input or output isolator. It also provides additional system 
protection should a fault occur in the power soiurce. 

Isolated Power: ± 15V @ 5mA is available at the input and 
output sections of the isolator. This feature permits the AD210 
to excite floating signal conditioners, front-end amplifiers and 
remote transducers at the input as well as other circuitry at the 
output. 

Flexible Input: An unconunined operational amplifier is provided 
at the input. This amplifier provides buffering and gain as required, 
and facilitates many alternative input ftmctions as required by 
the user. 



*PateBt Pending 
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SPECIFICATIONS^..^,® 



+ 25^;, & Ys = + 15V unless ottienmse specified) 



GAIN 






Range 


IVA^-IOOVA^ 


* 


Error 


±2% max 


±l%max 


vs. Temperature (0 to + yO'C) 


±25ppm/°Cmax 


* 


(-25°Cto+85°C) 


±50ppm/°Cmax 


* 


vs. Supply Voltage 


±0.002%/V 


* 


Nonhnearity' 


±0.025% max 


±0.012% max 


INPUT VOLTAGE RATINGS 






Linear Differential Range 


±10V 


* 


Maximum Safe Differential Input 


±15V 


• 


Max. CMV Input-to-Output 






ac, 60Hz, Continuous 


2500V rms 


* 


dc, Continuous 


± 3500V peak 


* 


Common-Mode Rejection 






60Hz,G=100VA^ 






Rs^SOOa Impedance Imbalance 


120dB 


* 


Leakage Current Input-to-Output 






@240Vrms,60Hz 


2|xA rms max 


* 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



-210 (53 3) max - 



(20 3) 

L 



INPUT IMPEDANCE 






Differential 


lo'^a 




Common Mode 


5Gn||5pF 




INPUT BIAS CURRENT 






Initial, (a +25°C 


30pAtyp(400pAmax) 




vs. Temperature (0 to + 70°C) 


lOnA max 




(-25°Cto+85°C) 


30nA max 




INPUT DIFFERENCE CURRENT 






Initial,® +25°C 


5pA typ (200pA max) 




vs. Temperature (0 to + 70°C) 


2nA max 




(-25°Cto+85°C) 


lOnAmax 




INPUT NOISE 






Voltage (IkHz) 


ISnV/VHi 




(lOHztolOkHz) 


VVrms 




Current (1 kHz) 


O.OlpA/VHi 





[-«— 020 X 010 PIN 12 PLACES 



19 1817 16 15 14 



AD210 

BOTTOM VIEW 



4 3 2 1 -- 



-»-] [-•-0 150(3 81) -*^ [-•- 100 (2 54) TYP 

AC1059 MATING SOCKET 



^^ (75) p*^ 



FT 



FREQUENCY RESPONSE 




Bandwidth (-3dB) 




G=1VA^ 


20kHz 


G = 100VA^ 


15kHz 


Settling Time ( ± lOmV, 20V Step) 




G=1VA^ 


150|xs 


G=100VA^ 


500fjis 


Slew Rate (G=1V/V) 


IV/JJLS 



OFFSET VOLTAGE (RTI)^ 
Initial,® +25°C 
vs. Temperature (0 to + 70°C) 

(-25°Cto+85°C) 


(±15±45/G)mVmax 

(±10±30/G)jjlV/°C 

(±10±50/G)jjlV/°C 


(±5±15/G)mVmax 

* 

* 


RATED OUTPUT^ 
Voltage, 2kfi Load 
Impedance 
Ripple, (Bandwidth = lOOkHz) 


±10Vmm 
1ft max 
lOmVp-pmax 


* 
* 



ISOLATED POWER OUTPUTS'* 




Voltage, No Load 


±15V 


Accuracy 


± 10% 


Current 


±5mA 


Regulation, No Load to Full Load 


See Text 


Ripple 


See Text 


POWER SUPPLY 




Voltage, Rated Performance 


+ 15Vdc±5% 


Voltage, Operating 


+ 15Vdc±10% 


Current, Quiescent 


50mA 


Current, Full Load - FuU Signal 


80mA 



TEMPERATURE RANGE 






Rated Performance 


-25''Cto+85''C 


■k 


Operating 


-40°Cto+85°C 


* 


Storage 


-40°Cto+85°C 


* 


PACKAGE DIMENSIONS 






Inches 


1.00x2.10x0.350 


* 


Millimeters 


25.4 X 53.3 X 8.9 


* 



NOTES 

^Specifications same as AD210AN. 

•Gain nonlinearity increases by ±0.002%/inA when the isolated power outputs are used. 
^RTI - Referred to Input 

^A reduced signal swing is recommended when both ± Viss and ±Voss supplies are 
fully loaded, due to supply voltage reduction. 
*See text for detailed informauon. 
Specifications subject to change without nonce. 



u. 



'i 



■ 210(53.3)- 
- 150(37.5)- 



-© 



0100DIA,C/STO 
0180DIA,TYP 
2 PLACES 



O O o o o O 



-H |-»-0.100(2 5) 
r*-015 (3 75) 



TYP 



_J L.0 125 

^^ r^(32) 

^»" 300 j-*- 



AD210 PIN DESIGNATIONS 



PIN 


DESIGNATION 


FUNCTION 


1 


Vo 


Output 


2 


OcOM 


Output Common 


3 


+ Voss 


+ Isolated Power @ Output 


4 


-Voss 


- Isolated Power @ Output 


14 


+ V,ss 


+ Isolated Power @ Input 


15 


-V,ss 


- Isolated Power @ Input 


16 


FB 


Input Feedback 


17 


-IN 


-Input 


18 


'com 


Input Common 


19 


+ IN 


+ Input 


29 


PwrCom 


Power Common 


30 


Pwr 


Power Input 



WARNING! 



^-I>^ 



CAUTION 

ESD (Elcctro-Stotic-Discharge) sensitive device. 
Permanent damage may occur on unconnected de- 
vices subject to high energy electrostatic fields. 
Unused devices must be stored in conductive foam 
or shunts. The protective foam should be dis- 
charged to the destination socket before devices are 
ranoved. 
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INSIDE THE AD210 

The AD210 basic block diagram is illustrated in Figure 1. A 
+ 15V supply is connected to the power port, and ± 15V isolated 
power is supplied to both the input and output ports via a 50kHz 
carrier frequency. The uncommitted input amplifier can be used 
to supply gain or buffering of input signals to the ADZ 10. The 
fullwave modulator translates the signal to the carrier frequency 
for appUcation to transformer Tl. The synchronous demodulator 
in the output port reconstructs the input signal. A 20kHz, three- 
pole filter is employed to minimize output noise and ripple. 
Finally, an output buffer provides a low impedance output 
capable of driving a 2kn load. 




PWR PWR COM 

Figure 7. AD210 Block Diagram 

USING THE AD210 

The AD210 is very simple to apply in a wide range of applications. 
Powered by a single + 15V power supply, the AD210 will provide 
outstanding performance when used as an input or output isolator, 
in single and multichannel configurations. 

Input Configurations: The basic unity gain configuration for 
signals up to ± lOV is shown in Figure 2. Additional input 
amplifier variations are shown in the following figures. For 
smaller signal levels Figure 3 shows how to obtain gain while 
maintaining a very high input impedance. 
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Figure 2. Basic Unity Gain Configuration 

The high input impedance of the circuits in Figures 2 and 3 can 
be maintained in an inverting application. Since the AD210 is a 
three-port isolator, either the input leads or the output leads 
may be interchanged to create the signal inversion. 




Figure 3. Input Configuration for G> 1 

Figure 4 shows how to accommodate current inputs or sum 
currents or voltages. This circuit configuration can also be used 
for signals greater than ± lOV. For example, a ± lOOV input 
span can be handled with RF=20kn and Rsi = 200kn. 




Figure 4. Summing or Current Input Configuration 

Adjustments 

When gain and offset adjustments are required, the actual circuit 
adjustment components will depend on the choice of input 
configuration and whether the adjustments are to be made at 
the isolator's input or output. Adjustments on the output side 
might be used when potentiometers on the input side woidd 
represent a hazard due to the presence of high conmion-mode 
voltage during adjustment. Offset adjustments are best done at 
the input side, as it is better to null the offset ahead of the gain. 

Figure 5 shows the input adjustment circuit for use when the 
input amplifier is configured in the noninverting mode. This 
offset adjustment circuit injects a small voltage in series with the 




"tt 



Figure 5. Adjustments for Noninverting Input 
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low side of the signal source. This will not work if the source 
has another current path to input common or if current flows in 
the signal source LO lead. To niinimize CMR degradation, keep 
the resistor in series with the input LO below a few hundred 
ohms. 

Figure 5 also shows the preferred gain adjustment circuit. The 
circuit shows Rp of 50kft, and will work for gains of ten or 
greater. The adjustment becomes less effective at lower gains 
(its effect is halved at G = 2) so that the pot will have to be a 
larger fraction of the total Rp at low gain. At G = 1 (follower) 
the gain cannot be adjusted downward without compromising 
input impedance; it is better to adjust gain at the signal source 
or after the output. 

Figure 6 shows the input adjustment circuit for use when the 
input amplifier is configured in the inverting mode. The offset 
adjustment nulls the voltage at the summing node. This is pref- 
erable to current injection because it is less affected by subsequent 
gain adjustment. Gain adjustment is made in the feedback and 
will work for gains from 1 to lOOVA^. 




Figure 6. Adjustments for Inverting Input 

Figure 7 shows how offset adjustments can be made at the 
output, by offsetting the floating output port. In this circuit, 
± 15V would be supplied by a separate source. The AD210's 
output amplifier is fixed at imity, therefore, output gain must 
be made in a subsequent stage. 




^ 






+ 15V -15V 



PCB Layout for Multichannel Applications: The unique pinout 
positioning minimizes board space constraints for multichannel 
applications. Figure 8 shows the recommended printed circuit 
board layout for a noninverting input configuration with gain. 



CHANNEL OUTPUTS 
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CHANNEL INPUTS 

Figure 8. PCB Layout for Multichannel Applications 
with Gain 

Synchronization: The AD210 is insensitive to the clock of an 
adjacent unit, eliminating the need to synchronize the clocks. 
However, in rare instances channel to channel pick-up may 
occur if input signal wires are bundled together. If this happens, 
shielded input cables are recommended. 

PERFORMANCE CHARACTERISTICS 

Common-Mode Rejection: Figure 9 shows the common-mode 
rejection of the AD210 versus frequency, gain and input source 
resistance. For maximiun common-mode rejection of unwanted 
signals, keep the input source resistance low and carefully lay 
out the input, avoiding excessive stray capacitance at the input 
terminals. 
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Figure 7. Output-Side Offset Adjustment 



Figure 9. Common-Mode Rejection vs. Frequency 
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Phase Shift: Figure 10 illustrates the AD210's low phase shift 
and gain versus frequency. The AD210's phase shift and wide 
bandwidth performance make it well suited for applications like 
power monitors and controls systems. 
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Figure 10. Phase Shift and Gain vs. Frequency 

Input Noise vs. Frequency: Voltage noise referred to the input 
is dependent on gain and signal bandwidth. Figure 11 illustrates 
the typical input noise in nV/VHz of the AD210 for a frequency 
range from 10 to lOkHz. 



FREQUENCY - Hz 



Figure 1 1. Input Noise vs. Frequency 



Gain Nonlinearity vs. Output: Gain Nonlinearity is defined as 
the deviation of the output voltage from the best straight line, 
and is specified as % peak-to-peak of output span. The AD210B 
provides guaranteed maximum nonlinearity of ±0.012% with an 
output span of ± lOV. The AD210*s nonlinearity performance is 
shown in Figure 12. 

Gain Nonlinearity vs. Output Swing: The gain nonlinearity of 
the AD210 varies as a function of total signal swing. When the 
output swing is less than 20 volts, the gain nonlinearity as a 
fraction of signal swing improves. The shape of the nonlinearity 
remains constant. Figure 13 shows the gain nonlinearity of the 
AD210 as a function of total signal swing. 
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Figure 12. Gain Nonlinearity Error vs. Output 




TOTAL SIGNAL SWING - Volts 

Figure 13. Gain Nonlinearity vs. Output Swing 

Gain vs. Temperature: Figure 14 illustrates the AD210's gain 
vs. temperature performance. The gain versus temperature 
performance illustrated is for an AD210 configured as a unity 
gain amplifier. 
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Figure 14. Gain vs. Temperature 
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Isolated Power: The AD210 provides isolated power at the 
input and output ports. This power is useful for various signal 
conditioning tasks. Both ports are rated at a nominal ± 15V 
at SmA. 

The load characteristics of the isolated power supplies are shown 
in Figure 15. For example, when measiuing the load rejection 
of the input isolated suppUes Viss> the load is placed between 
+ Viss and - Viss- The curves labeled Viss and Vqss are the 
individual load rejection characteristics of the input and the 
output supplies, respectively. 

There is also some effect on either isolated supply when loading 
the other supply. The curve labeled CROSSLOAD indicates the 
sensitivity of either the input or output suppUes as a function of 
the load on the opposite supply. 




CURRENT - mA 

Figure 15. Isolated Power Supplies vs. Load 



Under any circumstances, care should be taken to ensure that 
the power supplies do not accidentally become shorted. 

The isolated power supplies exhibit some ripple which varies as 
a function of load. Figure 16a shows this relationship. The 
AD210 has internal bypass capacitance to reduce the ripple to a 
point where performance is not affected, even under full load. 
Since the internal circuitry is more sensitive to noise on the 
negative supplies, these supplies have been filtered more heavily. 
Should a specific application require more bypassing on the 
isolated power supplies, there is no problem with adding external 
capacitors. Figure 16b depicts supply ripple as a function of 
external bypass capacitance under full load. 
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Figure 16b. Isolated Power Supply Ripple vs. Bypass 
Capacitance (Volts p-p, 1MHz Bandwidth, SmA Load) 



Lastly, the curves labeled Voss simultaneous and Viss simul- 
taneous indicate the load characteristics of the isolated power 
supplies when an equal load is placed on both suppUes. 

The AD210 provides short circuit protection for its isolated 
power supplies. When either the input supplies or the output 
supplies are shorted to input conmion or output conunon, re- 
spectively, no damage will be incurred, even under continuous 
J application of the short. However, the AD210 may be damaged 
if the input and output supplies are shorted simultaneously. 
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Figure 16a. Isolated Supply Ripple vs. Load 
(External 4.7 fiF Bypass) 



APPLICATIONS EXAMPLES 

Noise Reduction in Data Acquisition Systems: Transformer 
coupled isolation amplifiers must have a carrier to pass both ac 
and dc signals through their signal transformers. Therefore, 
some carrier ripple is inevitably passed through to the isolator 
output. As the bandwidth of the isolator is increased more of 
the carrier signal will be present at the output. In most cases, 
the ripple at the AD210's output will be insigificant when compared 
to the measured signal. However, in some appHcations, particularly 
when a fast analog-to-digital converter is used following the 
isolator, it may be desirable to add filtering; otherwise ripple 
may cause inaccurate measurements. Figure 17 shows a circuit 
that will limit the isolator's bandwidth, thereby reducing the 
carrier ripple. 




MaoHSH 




R = (ip) kn 



Figure 17. 2-Pole, Output Filter 
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Self-Powered Current Source 

The output circuit shown in Figure 18 can be used to create a 
self-powered output current source using the AD210. The 2kft 
resistor converts the voltage output of the AD210 to an equivalent 
current VouT/2kn. This resistor directly affects the output gain 
temperature coefficient, and must be of suitable stabihty for the 
application. The external low power op amp, powered by + Vqss 
and - Vossj maintains its sununing junction at output common. 
All the current flowing through the 2kft resistor flows through 
the output Darlington pass devices. A Darlington configuration 
is used to minimize loss of output current to the base. The low 
leakage diode is used to protect the base-emitter jimction against 
reverse bias voltages. Using -Vqss as a current return allows 
more than lOV of compUance. Offset and gain control may be 
done at the input of the AD210 or by varying the 2kft resistor 
and summing a small correction current directly into the summing 
node. A nominal range of l-5mA is recommended since the 
current output cannot reach zero due to reverse bias and leakage 
currents. If the AD210 is powered from the input potential, this 
circuit provides a fully isolated, wide bandwidth current output. 
This configuration is limited to 5mA output current. 
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Figure 18. Self-Powered Isolated Current Source 

Isolated V-to-I Converter 

Illustrated in Figure 19, the AD210 is used to convert a to 
4- lOV input signal to an isolated 4-20mA output current. The 
AD210 isolates the to + lOV input signal and provides a prop- 
ortional voltage at the isolator's output. The output circuit 
converts the input voltage to a 4-20mA output current, which in 
turn is applied to the loop load Rlqad- 
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Figure 19. Isolated Voltage-to-Current Loop Converter 

Isolated Thermocouple Amplifier 

The AD2 10 application shown in Figure 20 provides amplification, 
isolation and cold-junction compensation for a standard J type 
thermocouple. The AD590 temperature sensor accurately monitors 



the input terminal (cold-junction). Ambient temperature changes 
from to + 40°C sensed by the AD590, are cancelled out at the 
cold junction. Total circuit gain equals 183; 100 and 1.83, from 
Al and the AD210 respectively. Calibration is performed by 
replacing the thermocouple junction with plain thermocouple 
wire and a millivolt source set at O.OOOOV (0°C) and adjusting^ 
Ro for EouT equal to O.OOOV. Set the millivolt source to 
+ 0.02185V (400X) and adjust Rg for Vqut equal to + 4.000V. 
This application circuit will produce a nonlinearized output of 
about + lOmV/X for a to +400°C range. 

-V,ss 

THERMAL 
CONTACT 




Figure 20. Isolated Thermocouple Amplifier 

Precision Floating Programmable Reference 

The AD210, when combined with a digital-to-analog converter, 
can be used to create a ftilly floating voltage output. Figure 21 
shows one possible implementation. 

The digital inputs of the AD7541 are TTL or CMOS compatible. 
Both the AD7541 and AD581 voltage reference are powered by 
the isolated power supply + Viss- Icom should be tied to input 
digital common to provide a digital ground reference for the 
inputs. 

The AD7541 is a current output DAC and, as such, requires an 
external output amplifier. The uncommitted input amplifier 
internal to the AD210 may be used for this purpose. For best 
results, its input offset voltage must be trimmed as shown. 

The output voltage of the AD210 will go from OV to - lOV for 
digital inputs of and full scale, respectively. However, since 
the output port is truly isolated, Vqut and Ocom may be freely 
interchanged to get to + lOV. 

This circuit provides a precision 0-lOV programmable reference 
with a ± 3500V common-mode range. 




Figure 21. Precision Floating Programmable Reference 
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Figure 22. Muitichannel Data Acquisition Front-End 



MULTICHANNEL DATA ACQUISITION FRONT-END 

Illustrated in Figure 22 is a four-channel data acquisition front-end 
used to condition and isolate several common input signals 
found in various process applications. In this application, each 
AD210 will provide complete isolation from input to output as 
well as channel to channel. By using an isolator per channel, 
maximum protection and rejection of unwanted signals is obtained. 
The three-port design allows the AD210 to be configured as an 
input or output isolator. In this application the isolators are 
configured as input devices with the power port providing addi- 
tional protection from possible power source faults. 

Channel 1: The AD210 is used to convert a 4-20mA current 
loop input signal into a 0-lOV input. The 25ft shunt resistor 
converts the 4-20mA current into a + 100 to + 500mV signal. 
The signal is offset by - lOOmV via R© to produce a to + 400mV 
input. This signal is amplified by a gain of 25 to produce the 
desired to + lOV output. With an open circuit, the AD210 
will show —2.5V at the output. 

Channel 2: In this channel, the AD210 is used to condition and 
isolate a current output temperature transducer. Model AD590. 
At +25°C, the AD590 produces a nominal current of 298.2|jlA. 
This level of current will change at a rate of 1|jlA/°C. At - 17.8°C 
(0°F), The AD590 current will be reduced by 42.8jjlA to 
+ 255.4|xA. The AD580 reference circuit provides an equal but 



opposite current, resulting in a zero net current flow, producing 
a OV output from the AD210. At + 100°C ( + 212*'F), the AD590 
current output will be 373.2|xA minus the 255.4|jlA offsetting 
current from the AD580 circuit to yield a + I17.8fjLA input 
current. This current is converted to a voltage via Rp and Rq to 
produce an output of + 2. 12V. Channel 2 will produce an output 
of + lOmV/T over a to +212°F span. 

Channel 3: Channel 3 is a low level input channel configured 
with a high gain amplifier used to condition millivolt signals. 
With the AD210's input set to imity and the input ampUfier set 
for a gain of 1000, a ± lOmV input will produce a ± lOV at the 
AD210*s output. 

Channel 4: Channel 4 illustrates one possible configuration for 
conditioning a bridge circuit. The AD584 produces a 4- lOV 
excitation voltage, while Al inverts the voltage, producing negative 
excitation. A2 provides a gain of lOOOVA^ to amplify the low 
level bridge signal. Additional gain can be obtained by reconfig- 
uration of the AD210's input amplifier. ± Viss provides the 
complete power for this circuit, eliminating the need for a separate 
isolated excitation source. 

Each channel is individually addressed by the multiplexer's 
channel select. Additional filtering or signal conditioning should 
follow the multiplexer, prior to an analog-to-digital conversion 
stage. 
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ANALCXa 
DEVICES 



Precision Hybrid 
Isolation Amplifier 




FEATURES 

Low Nonlinearity: ±0.012% max (AD295C) 

Low Gain Drift: ±60ppm/°C max 

Floating Input and Output Power: ±15V dc @ 5mA 

3-Port Isolation: ± 2500V CMV (Input to Output) 

Complies with NEMA ICS1-111 

Gain Adjustable: IVA^ to lOOOVA^ 

User Configurable Input Amplifier 

APPLICATIONS 

Motor Controls 

Process Signal isolator 

High Voltage Instrumentation Amplifier 

Multi-Channel Data Acquisition Systems 

Off Ground Signal Measurements 



AD295 FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 

The AD295 is a high accuracy, high reliability hybrid isolation 
amplifier designed for industrial, instrumentation and medical 
appUcations. Three performance versions are available offering 
guaranteed nonlinearity error at lOV p-p output: ±0.05% max 
(AD295A), ±0.025% max (AD295B), ± 0.012% max (AD295C). 
Using a pulse width modulation technique the AD295 provides 
3-port isolation between input, output and power supply ports. 
Using this technique, the AD295 interrupts ground loops and 
leakage paths and minimizes the effect of high voltage transients. 
Additionally, floating (isolated) power ± 15V dc @ 5mA is 
available at both the input and output. The AD295*s gain can 
be programmed at the input, output or both sections allowing 
for user flexibility. An uncommitted input amplifier allows 
configuration as a buffer, inverter, subtractor or differential 
amplifier. 

The AD295 is provided in an epoxy sealed ceramic 40-pin 
package that insures quality performance, high stability and 
accuracy. Input/output pin spacing comphes with NEMA 
(ICSl-111) separation specifications required for many industrial 
appUcations. 

WHERE TO USE THE MODEL AD295 

Industrial: The AD295 is designed for measuring signals in 
harsh industrial environments. The AD295 provides high 
accuracy with complete galvanic isolation and protection from 
transients or where ground fault currents or high common-mode 
voltages are present. The AD295 can be appUed in process 
controllers, current loop receivers, motor controls and weighing 
systems. 

Instrumentation: In data acquisition systems the AD295 
provides common-mode rejection for conditioning thermocouples, 
strain gauges or other low-level signals where high performance 
and system protection is required. 



Medical: In biomedical and patient monitoring equipment like 
diagnostic systems and blood pressure monitors, the AD295 
provides protection from lethal groimd fault currents. Low level 
signal recording and monitoring is achieved with the AD295's 
low input noise (2fjLV p-p @ G= lOOOVA^) and high CMR 
(106dB @ 60Hz). 

DESIGN FEATURES AND USER BENEFITS 
Isolated Power: Isolated power supply sections at the input and 
output provide ± 15V dc @ 5mA. Isolated power is load 
regulated to 4%. This feature permits the AD295 to excite 
floating signal conditioners, front-end buffer amplifiers and 
remote transducers at the input and external circuitry at the 
output. This eliminates the need for a separate dc/dc converter. 

Input Amplifier: The unconmiitted input amplifier allows the 
user to configure the input as a buffer, inverter, subtractor or 
differential amplifier to meet the application need. 

Adjustable Gain: Gain can be selected at the input, output or 
both. Thus, circuit response can be tailored to the user's 
application. The AD295 provides the user with flexibility 
for circuit optimization without requiring external active 
components. 

Three-Port Isolation: Provides true galvanic isolation between 
input, output and power supply ports. Eliminates the need for 
power supply and output ports being returned through a 
common ground. 

Wide Operating Temperature: The AD295 is designed to 
operate over the -40*'C to + lOO^'C temperature range with 
rated performance over - 25°C to + 85^. 

Leakage: The low coupling capacitance between input and 
output yields a ground leakage current of less than 2 p. A rms at 
115V ac, 60Hz. The AD295 meets standards established by 
UL STD 544. 
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SPECIFICATIONS 



(typical @ +25*1:, & Vs = +15V unless othemise noted) 



MODEL 


AD295A 


AD295B 


AD295C 


GAIN 








Range 


IVA^tolOOOV/V 


• 


• 


Open Loop 


lOOdB 


* 


* 


Accuracy G=1V/V 


±1.5% 


* 


* 


vs Temperature (-25°C to +85°C) 








G=lV/VtolOOVA^ ^ 


± 60ppm/°C max 


* 


* 


Nonlineanty ( ± 5V Swing) G = 1 V-IOOVA^ 


±0.05% max 


±0 025% max 


±0.012% max 


INPUT VOLTAGE RATINGS 








Linear Differential Range 


±10Vmin 


* 


* 


Max Safe Differential Input 


±15V 


* 


* 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



Max CM V (Input to Output) 

Continuous ac or dc ± 2500V peak 

ac, 60Hz, I Minute Duration 2500V rms 

Max CM V (Input to Power Common/Output to Power Common) 

Continuous ac or dc ± 2000V peak 

ac, 60Hz, 1 Minute Duration 2000V rms 

CMR, Input to Output 60Hz, G = 1 V/V 

Rs s Ikft Balanced Source Impedance 106dB 

Rs s 1 k Source Impedance Imbalance 1 03dB min 

Max Leakage Current, Input to Output 

^115Vac,60Hz 2jji.Armsmax 



200 i 011 I 

(5 08)J y (0 279)-^]— 



INPUT IMPEDANCE 










Differential 




5 X 10^Xi||33pF 






Common Mode 




10«(l||20pF 






INPUT BIAS CURRENT 










Initial, Co +25 °C 




5nA max 






vs Temperature (-25°C 


to+85°C) 


-25pA/°Cmax 






INPUT DIFFERENCE CURRENT 








Initial, (ai+25°C 




± 2nA max 






vs. Temperature (-25°C 


to+85°C) 


± 5pA/°C max 







INPUT NOISE (Gam = lOOOVA/) 
Voltage 
OOlHztolOHz 
lOHztolkHz 
Current 
OOlHztolOHz 



2tiVp-p 
1 |jiV rms 



lOpAp-p 



FREQUENCY RESPONSE 

Small Signal (-3dB) 
G= IVA^tolOOVA^ 
G = lOOOVA^ 

Full Power, 20V p-p Output 
G= IV/VtolOOVAV 
G = lOOOVA^ 

Slew Rate G = IV/VtolOpVA^ 

Settling Time G = IV/V 
(to±0 1% for lOV Step) 
(to ±0.1% for 20V Step) 



1« 


40 


2 


39 


3 


38 




37 


5 


36 




AD295 


16 


25 


17 


24 




23 


19 


22 


20 


21 



i 21 
I± (0 53) 



4 5kH7 
600Hz 

1 4kHz 
200Hz 
lV/|xs 

550|xs 
700|i,s 



TOP VIEW 
RECOMMENDED MATING SOCKET AC1220 



PIN DESIGNATIONS 



OFFSET VOLTAGE, REFERRED TO INPUT 

Initial @ +25°C (Adjustable to Zero) 

vs. Temperature ( - 25°C to + 85°C) 
vs Supply 



''""' max 



Gin, 
^200 



(±3±M]^vrc l±i5±'^Urc 



150 \ 

Gin/ max 



RATED OUTPUT 
Voltage, 2kn Load 
Output Impedance 
Output Ripple (lOHz to lOkHz) 
(lOHztolOOkHz) 



±10Vmin 
2n(dctol00Hz) 
6m V p-p 
40mV p-p 



PIN 


FUNCTION 


PIN 


FUNCTION 


1 


+ 15V( + V,soi) 


40 


INPUT FEEDBACK 


2 


Visoi COM 


39 


+ INPUT 


3 


-15V(-V,soil 


38 


-INPUT 






37 


INPUT COM 


5 


NO CONNECTION 


36 


NO CONNECTION 


16 


+ Vs 


25 


OUTPUT COM/ 
V1S02COM 


17 


POWER COMMON 


24 


FILTER 






23 


OUTPUT FEEDBACK 


19 


+ 15V( + V,so2) 


22 


OUTPUT 


20 


-15V(+V,so2) 


?1 


OUTPUT OFFSET TRIM 



ISOLATED POWER SUPPLIES' (V,soi & V,so2) 

Voltage ±15Vdc 

Accuracy ± 5% 

Current^ ± 5mA max 

Load Regulation (No Load to Full Load) - 4% 

Ripple, lOOkHz BW 12mV p-p 



POWER SUPPLY ( + Vs) 
Voltage, Rated Performance ^ 
Voltage, Operating 
Current, Quiescent (Vs = +15V) 
With V,so Loaded 



+ 15Vdc±3% 

+ 12Vdcto + 16Vdc 

40mA 

45mA 



TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 



-25°Cto+85°C 
-40°Cto + 100°C 
-40°Cto+100°C 



CASE DIMENSIONS 



2.7" X 0.88" X 375" 



NOTES 

'V1S02 accuracy and regulation 10% 

^± 10mA can be supplied by Visoi> if 



* Specifications same as AD295A 
Specifications sub)ect to change without notice 
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Understanding the Isolation Amplifier Performance 



INTERCONNECTIONS AND SHIELDING TECHNIQUE 

To preserve the high CMR performance of the AD295, care 
must be taken to keep the capacitance balanced about the input 
terminals. Use twisted shielded cable for the input signal to 
reduce inductive and capacitive pick-up. During circuit layout 
or interassembly connections, twisted wire pairs are recommended 
for power input and signal output. For basic isolator connections, 
see Figure 1. Capacitors C1-C5 are required in all applications 
to achieve the low noise rating and provide adequate filtering of 
the power supply. 




NOTES 

1 RESISTORSARE1%50ppm/°CMETALntMTYPE 
MATCHED TO 5 PPMTC 

2 ADJUSTMENT POTENTIOMETERS ARE TEN TURN, 
lOOppm/X CERMET TYPE 

3 CAPAaTORS,C1-CSARE2 2iiF 



FARADS -220pF 



2irFRF 

6 lOkn INPUT PROTECTION RESISTOR REQUIRED 
FOR GAINS LESS THAN 10 



Figure 1. Basic Isolator Interconnection 

THEORY OF OPERATION 

The AD295 obtains its outstanding performance from a pulse 
width modulation technique using transformer coupling. This 
technique permits both signal and power transfer from input to 
the output stage of the isolator. Additionally, this technique 
provides higher noise immunity and lower nonlinearity than 
obtained from optically coupled or amplitude modulated trans- 
former coupled techniques. 

The three basic sections of the AD295 are shown in Figure 2. 
The power section 80kHz oscillator signal is transferred to the 
input and output sections via T2. The signal is then rectified 
and filtered providing dc power for that section's circuitry and 
for external application use. The input section consists of input 
amplifier Al and the input modulator attenuator circuit. A 
triangular waveform derived from the 80kHz oscillator is sent to 




ISOLATED 
OUTPUT 
POWER 1 




■422) OUTPUT 



y OFFSET TRIM 

OUTPUT 
\ COMMON/ 
/ ISO POWER 
^ COMMON 

+ 15V 



OSCILLATOR 



the modulator. If the input signal of A 1 is zero, the triangle 
wave remains symmetrical. If Al moves away from zero, the 
triangle wave moves positive or negative becoming asymmetrical. 
These modulated signals are converted to a pulsed waveform 
and transferred to the output section via Tl. In the output 
section the signals are demodulated and filtered. The output 
amplifier A2 provides gain and additional filtering. 

INTERELECTRODE CAPACITANCE AND TERMINAL 
RATINGS 

Capacitance: Interelectrode terminal capacitance arises from 
stray coupling capacitance effects between the input terminals 
and signal output terminals. Each are shunted by leakage resistance 
values exceeding SOGH. Figure 3 illustrates the AD295's capaci- 
tance between terminals. 

Terminal Ratings: CMV performance is given in both continuous 
ac, or dc peak ratings. Continuous peak ratings apply from dc 
up to the normal ftdl power response frequency. Figure 3 illustrates 
the AD295's ratings between terminals. Note that for the ± 2500V 
rating between the input and output terminals to apply, the 
AD295 must be used in a three port configuration. If the output 
common is tied to the power common, the input to output 
CMV rating is ± 2000V. 




Figure 3. Interelectrode Capacitance and Terminal Ratings 

OFFSET AND GAIN ADJUSTMENT PROCEDURE 

The calibration procedure, illustrated in Circuits 1 and 2, shows 
the recommended techniques that can be used to minimize 
output error. In this example, the output span is - lOV to 
+ 10V. 

Offset Adjustment 

1. Configure the AD295 as shown in Circuit 1.0=1. 

2. Apply EiN = OV dc and adjust Rq for Eo=0 volts. 

3. Configure the AD295 as shown in Circuit 2. G= 100. 

4. Apply EiN = OV dc and adjust Rj for Eo = volts. 

5. Repeat steps 1-4 if necessary. 

Gain Adjust 

6. Apply EiN= +0.1V dc adjust Kg for Eo= + lO.OOOV dc. 

7. Apply EiN = - 0. 1 V dc and measure the output error (see 
Curve a.) 



-^ __ yi_b -I 

5 ^_:!!:4^-^^ _, 



OUTPUT VOLTAGE - Volts 



Figure 2. Basic Block Diagram 
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8. Adjust Rg until the output error is one half that measured 
in step 6 (see Curve b). 

9. Apply EiN= +0.1V dc and adjust Rq until the output error 
is one half that measured in step 7 (see Curve c). 

10. Repeat steps 6-9 if necessary. 




Circuit 2. G=100 
SELECTING GAIN 

The AD29S basic gain is unity from input to output. All input 
signals are attenuated by 2.5 at the input modulator/attenuator 
then amplified at the output (see Figure 2). 

The AD295 contains both input and output ampUfiers, the 
gains of which can be set independently. Figure 4 illustrates the 
basic gain configurations. Taking input gain helps dilute output 
stage offset drift and is recommended where offset drift is to be 
minimized since taking output gain multiphes output drift by 
the gain taken. Output gain can be used for improved linearity 
and frequency response at the expense of higher offset drift. 

Figure 4a illustrates the basic unity gain configuration. With the 
unconmiitted input amplifier configured as a buffer and pins 22 
and 23 of the output ampUfier jumpered, eo = es. 




•R = 10k REQUIRED FOR es>1V +15V 

a. Basic Unity Gain Configuration 



Input to output gain greater than unity can be independendy set 
at the input, output, or both. For input gain configuration see 
Figures 4b and 4c. Output gain configuration is shown in Figure 
4d. 




m 

•R = 10k REQUIRED FOR es>1V 



b. Basic Gain Noninverting Configuration 




c. Input Gain Inverting Configuration 




•R=10k REQUIRED FOR es>1V 



d. Output Gain Noninverting Configuration 
Figure 4. Input/Output Gain Configurations 

PERFORMANCE CHARACTERISTICS 
Phase Shift vs. Frequency: The phase shift vs. frequency re- 
sponse, for the AD295 is shown in Figure 5. 
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FREQUENCY - Hz 

Figure 5. Typical AD295 - Phase Shift vs. Frequency 

CMR vs. Frequency: Input-to-output CMR is dependent on 
source impedance imbalance, input signal frequency and amplifier 
gain. CMR is rated at 60Hz and IkH source impedance imbalance 
at a gain of IVA^. Figure 6 illustrates the CMR vs. frequency 
for the AD295. CMR approaches 120dB at dc with a source 
impedance imbalance of Ikft. 
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Figure 6. Typical AD295 - CMR vs. Frequency 

Input Voltage Noise vs. Bandwidth: Voltage noise referred to 
the input is dependent on gain and bandwidth. Figure 7 illustrates 
the typical input noise in |xV peak-to-peak in a lOHz to lOkHz 
frequency range. 
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G,N=1000V/V 
GouT = 1V/V 
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BANDWIDTH - Hz 

Figure 7. Typical AD295 - input Voltage Noise vs. 
Bandwidttt 

Output Voltage Noise vs. Bandwidth: Voltage noise referred to 
the output is dependent on gain, bandwidth, input and output 
noise contributions. Figure 8 illustrates the typical output noise 
in mV peak-to-peak in a lOHz to lOkHz frequency range. 







/ 






G,N=1V/V 
GouT = 1V/V 




X' 





BANDWIDTH - Hz 

Figure 8. Typical AD295 - Output Voltage Noise vs. 
Bandwidth 

Gain Nonlinearity vs. Output Swing: Linearity error is defined 
as the deviation of the output voltage from the best straight line 
and is specified as % peak-to-peak of output voltage span, e.g., 
nonlinearity of model AD295A operating at an output span of 
lOV peak-to-peak ( ± 5V) is ± 0.05% or ± 5mV. Figure 9 illustrates 
the gain nonlinearity for output swing up to ± lOV (20V peak-to- 
peak). 




OUTPUT SWING - V/p-p 



Figure 9. Typical AD295 - Gain Nonlinearity vs. Output Swing 

Full Power Bandwidth vs. Gain: Figure 10 illustrates the full 
power bandwidth vs. gain for the AD295. A 1.4kHz full power 
response is possible with gain up to lOOVA^. 
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Figure 10. Typical AD295 - Full Power Bandwidth vs. Gain 
Small Signal Bandwidth vs. Gain: Figure 11 illustrates the 
small signal bandwidth vs. gain for the AD295. The small signal 
response remains at 4.5kHz for gain up to lOOVA^. 
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G,nV/V.Gout = 1 

Figure 1 1. Typical AD295 - Small Signal Bandwidth vs. Gain 
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G,nVA/, Gout = 1 

Figure 12. Typical AD295 - Gain Nonlinearity vs. Gain 
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Isolated Strain Gauge Using Front End of AD295 

The AD295 can be used to condition and isolate differential 
signal sources like those present with strain gauge measurements. 
Figiure 13 illustrates one possible configuration for conditioning 
a strain gauge. Amplifiers Al and A2 are powered by the AD295's 
input isolated power supply. This eliminates the need for a 
separate dc/dc converter and provides a completely floated differen- 
tial input. Input gain is selected via Rg and determined by the 
input gain formula. 



+ EXCITATION 



Isolated Voltage-to-Current Loop Converter 

Illustrated in Figure 15, the AD295 is used to convert a to 
+ iOV input signal lo a standard 4-to-20mA current. Here high 
common-mode rejection and high common-mode voltage sup- 
pression are easily obtained with the AD295. The AD295 condi- 
tions the to + IOV input signal and provides a proportional 
voltage at the isolator's output. This output signal is converted 
to a 4-to-20mA current, which in turn is appUed to the loop 
load Rload- 




INPUT AMPLIFIER IS 
POWERED BY INPUT 
FLOATING SUPPLY 
A1/A2 = ADOP-07 



Figure 13. Isolated Strain Gauge Using Front End of 
AD295 

Isolated Temperature Measurement with Cold Junction 
Compensation 

The AD295 can be used to condition, isolate and provide cold 
junction compensation of thermocouples in temperature meas- 
urement applications. With the circuit shown in Figure 14, the 
AD590 must be thermally connected to the cold jimction terminal 
for an accurate temperature measurement of the terminals. 
Using this circuit, accurate temperature measurements using the 
industry's popular J type thermocouple can be made. 



AD590 
THERMAL 
CONTACT;^^ 

HOT / 

JUNCTION I 



|>^X^-lv^ArH i 



Sl 



ACCURACY 1/2° From to 40°C 




Figure 15. Isolated Voltage-to-Current Loop Converter 

Noise Reduction in Data Acquisition Systems 

In critical low noise applications like when an isolation amphfier 
precedes an analog to-digital converter, it may be desirable to 
add filtration, otherwise output ripple may cause inaccurate 
conversions. The 2-pole low-pass active filter shown in Figure 
16 limits isolator bandwidth of the AD295. The filter will reduce 
output ripple and provide smoothing of discontinuous high 
frequency waveforms. 




Figure 14. Isolated Temperature Measurement with Cold 
Junction Compensation 



Figure 16. 2-Pole, 2kHz Active Filter 
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ANALX)G 
DEVICES 



Economy, High Performance, 
Self-Contained Isolation Amplifier 



Model 284J 



FEATURES 

Low Cost 

Low Nonlinearity: ±0.05% @ 10V pk-pk Output 

High Gain Stability: ±0.0075%/°^ ±0.001%/1000 hours 

Isolated Power Supply: ±8.5V dc @ ±5mA 

High CMR: IIOdB min with Sk^ Imbalance 

High CMV: ±5000 V^, 10ms Pulse; ±2500V dc continuous 

Small Size: 1.5" x lS" xO.6 " 

Adjustable Gain: 1 to 10V/V; Single Resistor Adjust 

Meets IEEE Std 472: Transient Protection (SWC) 

Meets UL Std 544 Leakage: 2.0mA max @ 115V ac, 60Hz 

APPLICATIONS 

Biomedical and Patient Monitoring Instrumentation 

Ground Loop Elimination in Industrial Control 

Off-Ground Signal Measurements 

4-20mA Isolated Current Loop Receiver 

GENERAL DESCRIPTION 

Model 284J is a low cost isolation amplifier featuring isolated 
power, ±8.5V dc @ ±5mA loads, ±2500V dc off-ground isola- 
tion (CMV) and llOdB minimum CMR at 60Hz, Skfl source 
imbalance, in a compact 1.5 x 1.5 x 0.6 epoxy encapsulated 
package. This improved design achieves low nonlinearity of 
±0.05% @ lOV pk-pk output, gain stability of ±0.0075%/°C 
and input offset drift of ±30iUV/°C at G = lOV/V. Using modu- 
lation techniques with reliable transformer isolation, model 284J 
will interrupt ground loops, leakage paths and high voltage 
transients to ±5kVpi^ (10ms pulse) providing dc to IkHz (-3dB) 
response over an adjustable gain range of IV/V to lOV/V. 
Model 284J's fully floating guarded input stage and floating 
isolated power for external input circuitry, offers versatility 
for both medical and industrial OEM applications. 

WHERE TO USE MODEL 284J 

Medical Applications: In all biomedical and patient monitoring 
equipment such as multi-lead ECG recorders and portable diag- 
nostic designs, model 284J offers protection from lethal ground 
fault currents as well as 5kV defibrillator pulse inputs. Low 
level bioelectric signal recording is achieved with model 284J's 
low input noise (8jLiV p-p) and high CMR (llOdB, min). 

Industrial Applications: In computer interface systems, process 
signal isolators and high CMV instrumentation, model 284J 
offers complete galvanic isolation and protection against dam- 
age from transients and fault voltages. High level transducer 
interface is afforded with model 284J's lOV pk-pk input signal 
capability at a gain of IV/V operation. In portable field designs, 
model 284J's single supply, low power drain of 85mW @ +12V 
operation offers long battery operation. 



284J FUNCTIONAL BLOCK DIAGRAM 




10 7kn + R|(kn) 



(IV/V TO 10V/V) 



DESIGN FEATURES AND USER BENEFITS 
Isolated Power: Dual ±8.5V dc @ ±5mA, completely isolated 
from the input power terminals (±2 500V dc isolation), pro- 
vides the capability to excite floating signal conditioners, front 
end buffer amplifiers and remote transducers such as thermis- 
tors or bridges. 

Adjustable Gain: Model 284J's adjustable gain combined with 
its lOV pk-pk output signal dynamic range offers compatibility 
with a wide class of input signals. A single external resistor en- 
ables gain adjustment from IV/V to lOV/V providing the flexi- 
bility of applying model 284J in both high level transducer 
interfacing as well as low level sensor measurements. 

Floating, Guarded Front-End: The input stage of model 284J 
can directly accept floating differential signals, such as ECG 
biomedical signals, or it may be configured as a high perfor- 
mance instrumentation front-end to accept signals having CMV 
with respect to input power common. 

High Reliability: Model 284J is a conservatively designed, 
compact module, capable of reliable operation in harsh envi- 
ronments. Model 284J has a calculated MTBF of over 400,000 
hours and is designed to meet MIL-STD-202E environmental 
testing as well as the IEEE Standard for Transient Voltage Pro- 
tection (472-1974: Surge Withstand Capability). As an addi- 
tional assurance of reliability, every model 284J is factory 
tested for CMV and input ratings by application of 5kV pk, 
10ms pulses, between input terminals as well as input/output 
terminals. 
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SPECIFICATIONS 



(typical @ + 25^; and Vs = + 1 5V unless otherwise noted) 



284J 



GAIN (NON-INVERTING) 
Range (50kn Load) 
Formula 

Deviation from Fprmula 

vs. Time 

vs Temperature (0 to +70° C)' 

Nonlmeanty, G = IV/V to lOV/V^ 



1 to lOV/V 
Gam= [1 ^ 



lOOkfi 



10 7kn + R,(kJ2) 
±3% 

±0 001%/1000 Hours 
±0.007 5%rc 
±0.05% 



INPUT VOLTAGE RATINGS 

Linear Differential Range, G = IV/V 
Max Safe Differential Input 

Continuous 

Pulse, 10ms duration, 1 pulse/10 sec 
Max CMV, Inputs to Outputs 

AC, 60Hz, 1 minute duration 

Pulse, 10ms duration, 1 pulse/ 10 sec 
With 5 10ki2 m series with Guard 

Continuous, ac or dc 
CMR, Inputs to Outputs, 60Hz, Rg < Skfi 

Balanced Source Impedance 

5kJf2 Source Impedance Imbalance 
CMR, Inputs to Guard, 60Hz 

IkrZ Source Impedance Imbalance 
Max Leakage Current, Inputs to Power Common 

@115Vac. 60Hz 



±6500Vpk max 

2500Vn„s 
±2500Vpk max 
±5000Vpk max 
±2500Vpk max 

n4dB 
node mm 



78dB 

2.0/iA rms max 



INPUT IMPEDANCE 
Differential 
Overload 
Common Mode 



10*mi70pF 

300kJ2 

5>^10'"l2ll20pF 



INPUT DIFFERENCE CURRENT 
Initial, @ +25°C 
vs. Temperature (0 to +70°C) 



±7nA max 
±0.1nA/°C 



INPUT NOISE 

Voltage, G = lOV/V 
0.05Hz to lOOHz 
lOHz to IkHz 

Current 

0.05Hz to lOOHz 



8mV p-p 
lOjuV rms 



5pA p-p 



FREQUENCY RESPONSE 

Small Signal, -3dB, G = IV/V to lOV/V 

Slew Rate 

Full Power, lOV p-p Output 

Gain = IV/V 

Gain = lOV/V 
Recovery Time, to ±100juV after Application 

of ±6500V k Differential Input Pulse 



IkHz 
25mV/iUS 



700Hz 
200Hz 



OFFSET VOLTAGE REFERRED TO INPUT 

Initial, @ +25°C, Adjustable to Zero ±(5 + 20/G)mV 
vs. Temperature (0 to +70°C) ±(15 + 1 50/G))uV/°C 
vs Supply Voltage ±lmV/% 



RATED OUTPUT 
Voltage, SOkSl Load 
Output Impedance 
Output Ripple, IMHz Bandwidth 



±5Vmin 

Ikfi 

5mV pk-pk 



ISOLATED POWER OUTPUTS 
Voltage, ±5mA Load 
Accuracy 
Current 

Regulation, No Load to Full Load 
Ripple, lOOkHz Bandwidth 



±8.5Vdc 
±5% 

±5mA min 
+0, -15% 
lOOmV p-p 



POWER SUPPLY, SINGLE POLARITY^ 
Voltage, Rated Performance 
Voltage Operating 
Current, Quiescent 


+15Vdc 
• +(8tol5 5)Vdc 
+10mA 


TEMPERATURE RANGE 
Ra.ted Performance 
Operating 
Storage 


to +70°C 
-25°C to +85°C 
-55°Cto+85°C 


CASE DIMENSIONS 


1 5"xl 5"x0 62" 



' Gain temperature drift is specified as a percentage of output signal level 
' Gam nonlmeanty is specified as a percentage of lOV pk-pk output span 
' Recommended power supply, ADI model 904, ±15V @ SOmA output $41 (1-9) 
Specifications subject to change without notice. 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




HK 



GRID 1 (2 54) 



AC1049 
SHIELDED MOUNTING SOCKET 



INTERCONNECTION AND GUARDING TECHNIQUES 

Model 284J can be applied directly to achieve rated perform- 
ance as shown in Figure 1 below. To preserve the high CMR 
performance of model 284J, care must be taken to keep the 
capacitance balanced about the input terminals. A shield 
should be provided on the printed circuit board under model 
284J as illustrated in the outline drawing above (screened 
area). The GUARD (Pin 6) should be connected to this shield. 
This guard-shield is provided with the mounting socket, model 
AC1049. A recommended guarding technique using model 
AC1049 is illustrated in Figure 1. To reduce effective cable 
capacitance, cable shield should be connected to the common 
mode signal source by connecting the shield as close as possi- 
ble to the signal low. 

Offset Voltage Trim Adjust: The trim adjust circuit shown in 
Figure 1 can be used to zero the output offset voltage over the 
gain range from 1 to lOV/V. The output terminals, HI OUT 
and LO OUT, can be floated with respect to PWR COM up to 
±50V j^ max, offering three-port isolation. A 0.1/iF capacitor 
is required from LO OUT to PWR COM whenever the output 
terminals are floated with respect to PWR COM. LO OUT can 
be connected directly to PWR COM when output offset trim- 
ming is not required. 



TRANSDUCER AC1049 

CABLE ^MOUNTING 

U^ SOCKET 
! SHIELD 



<\ 



(„r..) 




NOTE 1 GAIN RESISTOR, R,, 1%, 50ppm/*C METAL FILM TYPE IS RECOMMENDED 
FOR GAIN = IV/V, LEAVE TERMINAL 2 OPEN 
FOR GAIN = 10V/V. SHORT TERMINAL 2 TO TERMINAL 1 

GA.N = 1 + — l°°!iO 

10 7kn + R,(kn) 
NOTE 2 GUARD RESISTOR, Rg, REQUIRED ONLY FOR CMV > ±2500Vpk (±5kVpK MAX) 

Rg may be mounted on AC1049 MOUNTING SOCKET USING STANDOFF PROVIDED 
(USE y. WATT, 5%, CARBON COMPOSITION TYPE, ALLEN BRADLEY RECOMMENDED) 



Figure 1: Basic Isolator Interconnection 
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Understanding the Isolation Amplifier Performance 



THEORY OF OPERATION 

The remarkable performance of model 284J is derived from 
the carrier isolation technique which is used to transfer both 
signal and power between the amplifier's guarded input stage 
and the rest of the circuitry. The block diagram for model 284J 
is shown in Figure 2 below. 

The 320kn input protection resistor limits the differential in- 
put current during periods of input amplifier saturation and 
also limits the differential fault current to approximately SSjuA 
in case the preamplifier fails. 

The bipolar input preamplifier operates single-ended (non- 
inverting). Only a difference bias current flows with zero net 
bias current. A third wire return path for input bias current is 
not required. Gain can be set from IV/V to lOV/V by chang- 
ing the gain resistor, Ri. To preserve high CMR, the gain resistor 
must be guarded. Best performance is achieved by shorting 
terminal 2 to terminal 1 and operating model 2 84 J at a gain of 
lOV/V. 

For powering floating input circuitry such as buffer amplifiers, 
instrumentation amplifiers, calibration signals and transducers, 
dual isolated power is provided. High CMV isolation is achieved 
by the low-leakage transformer coupling between the input 
preamplifier, modulator section and the output circuitry. Only 
the 20pF leakage capacitance between the floating guarded in- 
put section and the rest of the circuitry keeps the CMR from 
being infinite. 




10 7kn + R,(kn) 



(IVA/ TO 10V A/) 



Figure 2. Block Diagram - Model 284J 

INTERELECTRODE CAPACITANCE, TERMINAL RATINGS 
AND LEAKAGE CURRENTS LIMITS 

Capacitance: Interelectrode terminal capacitance arising from 
stray coupling capacitance effects between the input terminals 
and the signal output terminals are each shunted by leakage 
resistance values exceeding SOkMH. Figure 3 illustrates the 
CMR ratings at 60Hz and 5kfi source imbalance between sig- 
nal input/output terminals, along with their respective capaci- 
tance. 




•WHEN GUARD TIED TO INPUT COMMON MODE SOURCE 



Figure 3. Model 284J 
Terminal Capacitance 
and CMR Ratings 



Figure 4. Model 284J 
Terminal Ratings 



Terminal Ratings: CMV performance is given in both peak 
pulse and continuous ac or dc peak ratings. Pulse ratings are 
intended to support defibrillator and other transient voltages. 
Continuous peak ratings apply from dc up to the normal full 
power response frequencies. Figure 4 and Table 1 illustrate 
model 284J'^ ratings between terminals. 



SYMBOL 


RATING 


REMARKS 


VI (pulse) 


±6500VpK(10ms) 


Withstand Voltage, Defibrillator 


VI (cent ) 


±240Vrms 


Withstand Voltage, Steady State 


V2 (pulse) 


±2500VpK(10ms)RG =0 


Transient 


V2 (pulse) 


±5000VpK (10ms) Rg = 510kJ2 


Isolation, Defibrillator 


V2 (cent ) 


±2500VpK 


Isolation, Steady State 


V3 (cent ) 


±50VpK 


Isolation, dc 


Zl 


50kMn|l20pF 


Isolation Impedance 


1 


35/iA rms 


Input Fault Limit, DC to 60kHz 



Table 1. Isolation Ratings Between Terminals 

Leakage Current Limits: The low coupling capacitance between 
inputs and output yields a ground leakage current of less than 
2.0/iA rms at 115V ac, 60Hz (c^r 0.02iLiAA^ ac). As shown in 
Figure 5, the transformer coupled modulator signal, through 
stray coupling, also creates an internally generated leakage cur- 
rent of about 5/xA rms ® 60kHz. Line frequency leakage cur- 
rent levels are unaffected by the power on or off condition of 
model 284J. 

For medical applications, model 284J is designed to improve 
on patient safety current limits proposed by F.D.A., U.L., 
A.A.M.I. and other regulatory agencies. (e.g. model 284J com- 
plies with leakage requirements for the Underwriters Labora- 
tory STANDARD FOR SAFETY, MEDICAL AND DENTAL 
EQUIPMENT as established under UL544 for type A and B 
patient connected equipment — reference Leakage Current, 
paragraph 27.5). 

In patient monitoring equipment, such as ECG recorders, 
model 284J will provide adequate isolation without exposing 
the patient to potentially lethal microshock hazards. Using 
passive components for input protection, this design limits 
input fault currents even under amplifier failure conditions. 



.s(^ 



^: 



INTERNALLY 

GENERATED 

TEST (I) 



i V_y nsVAC. 60Hz 




FBEQUENCY-Hz 



Figure 5. Model 284J Leakage Current Performance from Line 
Induced and Internally Generated (Modulator) Operating 
Conditions 
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PERFORMANCE CHARACTERISTICS 
Common Mode Rejection: Input-to-Output CMR is dependent 
on source impedance imbalance, signal frequency and ampli- 
fier gain. CMR is rated at 115 V ac, 60 Hz and 5kl2 imbalance 
at a gain of lOV/V. Figure 6 illustrates CMR performance as a 
function of signal frequency. CMR approaches 146dB at dc 
with source imbalances as high as SkQ. As gain is decreased, 
CMR is reduced. At a gain of 1 V/V, CMR is typically 6dB 
lower than at a gain of lOV/V. 
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Figure 6. Common Mode Reject/on vs. Frequency 

Figure 7 illustrates the effect of source imbalance on CMR per- 
formance at 60Hz and Gain = 10 V/V. CMR is typically 120dB 
at 60Hz and a balanced source. CMR is maintained greater than 
80dB for source imbalances up to 100kl2. 
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Figure 7. Common Mode Rejection vs. Source Impedance 
Imbalance 

Input Voltage Noise: Voltage noise, referred to input, is de- 
pendent on gain and bandwidth as illustrated in Figure 8. RMS 
voltage noise is shown in a bandwidth from 0.05Hz to the fre- 
quency shown on the horizontal axis. The noise in a band- 
width from 0.05Hz to lOOHz is SjtxV pk-pk at a gain of lOV/V. 
This value is derived by multiplying the nns value at f = lOOHz 
shown in Figure 8 (1.2juV rms) by 6.6. 
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For lowest noise performance, a low pass filter at the output 
should be used to selectively roll-off noise, output ripple and 
undesired signal frequencies beyond the bandwidth of interest 
(see note 3, Figure 1). 

Input Offset Voltage Drift: Total input voltage drift is com- 
posed of two sources, input and output stage drifts and is gain 
dependent. The curve of Figure 9 illustrates the total input 
voltage drift over the gain range of 1 to 10 V/V. 
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Figure 9. Input Offset Voltage Drift vs. Gain 

Gain Nonlinearity: Linearity error is defined as the peak de- 
viation of the output voltage from the best straight line and is 
specified as a % of peak-to-peak output voltage span; e.g. non- 
linearity of model 284J operating at an output span of lOV 
pk-pk (±5V) is ±0.05% or ±5mV. In applying model 284J, 
highest accuracy is achieved by adjustment of gain and offset 
voltage to minimize the peak error over the operating output 
voltage span. A calibration technique illustrating how to mini- 
mize output error is shown below. In this example, model 284J 
is operating over an output span of +5 V to -5 V and a gain of 
5V/V. 
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Figure 10. Gain and Offset Adjustment 
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Figure 8. Input Voltage Noise vs. Bandwidth 
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Applying the Isolation Amplifier 



GROUNDING PRACTICES 

The more common sources of electrical noise arise from ground 
loops, electrostatic coupling and electromagnetic pickup. The 
guidelines listed below pertain to guarding low level, millivolt 
signals in hostile environments such as current shunt signals in 
"heavy industrial" plants. 

Guidelines: 

• Use twisted shielded cable to reduce inductive and capaci- 
tive pickup. 

• Drive the transducer cable shield, S, with the common mode 
signal source. Eg, to reduce the effective cable capacitance 
as shown in Figure 11 below. This is accomplished by con- 
necting the shield point S, as close as possible to the trans- 
ducer signal low point B. This may not always be possible. 
In some cases the shield may be separated from signal low 
by a portion of the medium being measured (e.g. pressure 
transducer). This will cause a common mode signal, Ej^, to 
be generated by the medium between the shield and the 
signal low. The 78dB CMR capability of model 284J between 
the input terminals (HI IN and LO IN) and GUARD, will 
work to suppress the common mode signal, Ej^. 

• To avoid ground loops and excessive hum, signal low, B, or 
the transducer cable shield, S, should never be grounded at 
more than one point. 

• Dress unshielded leads short at the connection terminals and 
reduce the area formed by these leads to minimize inductive 
pickup. 



TRANSDUCER 



284J 

FLOATING GUARD 
15V PWR 



MEDIUM ^ 
COMMON MODE 
VOLTAGE 




Figure 1 1. Transducer- Amplifier Interconnection 

Isolated Power and Output Voltage Swing: Model 284J offers 
a floating power supply providing ±8.5 V dc outputs with 
±5mA output current rating. As shown in Figure 12, the mini- 
mum voltage output for iVjso* as well as the maximum load 
capability, is dependent on the input power supply, n-Vg. Fig- 
ure 12 also illustrates the typical output voltage range as both 
input supply, +V5, and the isolated supply loads, ±Il, are 
varied. At ±5mA isolated load and Vg = +15V dc, model 284J 
can provide an output voltage swing of ±7.5V. 
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APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 

Remote Sensor Interface: In chemical, nuclear and metal pro- 
cessing industries, model 284J can be applied to measure and 
control off -ground millivolt signals in the presence of 
±2500V dc CMV signals. In interface applications such as pH 
control systems of on-line process measurement systems such 
as pollution monitoring, model 284J offers complete galvanic 
isolation to eliminate troublesome ground loop problems. Iso- 
lated power outputs and adjustable gain add to the application 
flexibility of this model. 

Figure 13 illustrates how model 284J can be combined with a 
low drift, l/iV/°C max, front-end amplifier, model AD517K, 
to interface low level transducer signals. Model 284J's isolated 
±8.5V dc power and front-end guard eliminate ground loops 
and preserve high CMR (114dB @ 60Hz). 




Figure 13. Input Signal Conditioning Using Isolated Power for 
Transducer Buffer Amplifier 

Instrumentation Amplifier: Model 284J provides a floating 
guarded input stage capable of directly accepting isolated differ- 
ential signals. The non-inverting, single-ended input stage offers 
simple two wire interconnection with floating input signals. 

In applications where the isolated power is applied to trans- 
ducers such as bridges which generate differential input signals 
with common mode voltages measured with respect to the iso- 
lated power common, model 2 84 J can be connected as shown 
in Figure 14. To achieve high CMR with respect to the ISO PWR 
COM, the following trim procedure is recommended. 

CMR Trim Procedure 

1) Connect a IV pk-pk oscillator between the +IN/-IN and 
IN COM terminals as shown in Figure 14. 

2) Set the input frequency at 0.5 Hz and adjust Rl for mini- 
mum Co . 

3) Set the input frequency at 60Hz and adjust R2 for mini- 
mum Co . 

4) Repeat steps 2 and 3 for best CMR performance. 




Figure 12. Isolated Power (±Vf^) and Output Voltage 
Swing (±Eo) Versus Power Supply Input (Vs) 



eo = 10[(ei -62) + (HI 

GAIN INPUT CMR ERROR CMR S 94dB 

SIGNAL 



Figure 14. Application of284Jas Instrumentation Amplifier 
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APPLICATIONS IN BIOMEDICAL DESIGNS 

Cardiac Monitoring: Heart signals can be masked by muscle 
noise, electrochemical noise, residual electrode voltages and 
60Hz power line pickup. To achieve high performance in cardi- 
ac monitoring, model 284J's design provides high CMR in the 
dc to lOOHz bandwidth and substantial source impedance — 
to 5kI2. An especially demanding ECG requirement is that of 
fetal heart monitoring as illustrated in Figure 15. The low input 
noise of model 284J and the dual CMR ratings are exploited 
in this application to extract the fetal ECG signals. The separa- 
tion between the mother's and the fetal heartbeat is enhanced 
by the 78dB of CMR between the input electrodes and guard, 
while the llOdB of CMR from input to output ground screens 
out 60Hz pickup and other external interference. 



^MOTHER'S HEART SIGNALS 
Vm {TYPICALLY ImV) 




" OFF-GROUND COMMON 
MODE VOLTAGE DUE TO 
PICKUP LEAKAGE, ETC. 
VcM (*1mV - lOOmV) 



Single Lead ECG Recorder with Leads Off Indicator: In single 
lead applications model 284J offers simple two-wire hook-up 
to the ECG signal as illustrated in Figure 16. The floating signal 
can be connected directly to the HI IN and LO IN terminals 
using the GUARD tied to the patients' right leg for best CMR 
performance. Using the isolated power from model 284J an 
inexpensive calibration signal is easily provided. In ECG appli- 
cations, model 284J provides a simple means to determine 
whenever a **Leads-Off" condition exists at the input. A "Leads- 
Off" condition (Rs = *») will cause the HI OUT terminal to be 
at a negative output saturation level; i.e. cq = -8.5V to -9.5V @ 
Vs = +15V. 



GUARD BOX 
AROUND 
CALIBRATION 
CIRCUIT 




CABLE SHIELD 



Vo = Vb + VM/78dB + VcNi/IIOdB 



Figure 16. Single Lead ECG Recorder with 1m V Calibration 
Circuit and Leads Off Indicator 



FETAL 

HEARTBEAT 

50iuV 



MOTHER'S 
HEARTBEAT 



SHIELDED CABLE 




AMPLIFIER'S 78dB INPUT-TO-SHIELD CMR SEPARATES FETAL HEART BEAT 

FROM MOTHER'S, WHILE IIOdB INPUT-TO-GROUND CMR ATTENUATES 60Hz PICKUP. 



Figure 15. Fetal Heartbeat Monitoring 



Multi-Lead ECG Recorder with Right Leg Drive: The small size, 
economy and isolated power makes model 284J an ideal isola- 
tion amplifier for application in clinical ECG recorders. Figure 
17 illustrates how this new isolator can be applied in a high 
performance, portable multi-lead ECG recorder. In this applica- 
tion, model 284J's input is configured as an instrumentation 
amplifier with high CMR to the floating input common. The 
right leg drive offers improved CMR between input and isola- 
ted common by driving to zero any CMV existing between 
these points. The isolated power, ±Viso » is used to drive the 
lead buffer amplifiers and the front-end, ImV calibration signal. 




+V|so _ GUARD^BOX 

•USE 1 WATT. 5% CARBON COMPOSITION TYPE; ALLEN BRADLEY RECOMMENDED. 



Figure 17. Multi-Lead ECG Recorder Application Using Model 
284J with Right Leg Drive Output 
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ANALjOG 
DEVICES 



High CMV, High Performance, 
Synchronized Isolation Amplifiers 



Models 286J, 281 



FEATURES 

Low Cost 

Single or Multi-Channel Capability Using External Oscillator 

Isolated Power Supply: ±15V dc @ ±15mA 

Low Nonlinearity: 0.05% @ 10V pk-pk Output 

High Gain Stability: 0.001%/1000 Hours; 0.0075%/°C 

Small Size: 1.5" x 1.5" x 0.62" 

Low Input Offset Voltage Drift: lOjuV/^C (Gain = 100V/V) 

Wide Input/Output Dynamic Range: 20V pk-pk 

High CMV Isolation: 2500V dc Continuous 

Wide Gain Range: 1 to 100V/V 

APPLICATIONS 

Ground Loop Elimination in Industrial and Process Control 
High Voltage Protection in Data Acquisition Systems 
Biomedical and Patient Monitoring Instrumentation 
Off-Ground Signal Measurements 

GENERAL DESCRIPTION 

Model 286J is a low cost, compact, isolation amplifier that is 
optimized for single or multi-channel use in data acquisition 
systems for industrial and medical applications. A single ex- 
ternal synchronizing oscillator can drive from 1 to 16 model 
286J's, or a virtually limitless number of model 286's can be 
configured using multiple ganged oscillators. The oscillator 
drive circuit can be supplied by the user of specified in a com- 
pact, low cost, epoxy encapsulated module, model 281, which 
also includes a voltage regulator for operation over a wide single 
voltage range of +8V to +28V. 

In addition to providing multi-channel operation, this new 
design features adjustable gain, 1 to lOOV/V, dual isolated 
power, ±15V dc @ ±15mA, ±2 500V dc off ground isolation 
(CMV) and llOdB minimum CMR at 60Hz, 5kl2 source im- 
balance, in a compact 1.5 x 1.5 x 0.6" epoxy encapsulated 
package. Model 286J achieves a low input noise of 8jLiV pk-pk 
(lOOHz bandwidth, G = lOOV/V), nonlinearity of ±0.05% @ 
lOV pk-pk output, and an input/output dynamic range of 
20V pk-pk. 

Using modulation techniques with reliable transformer isola- 
tion, model 286J will interrupt ground loops, leakage paths, 
and high voltage transients to ±5kV pk (10ms pulse), providing 
dc to IkHz (-3dB) response. 
WHERE TO USE MODEL 286J 

Industrial Applications: In multi-channel data acquisition sys- 
tems, computer interface systems, process signal isolators and 
high CMV instrumentation, model 286J offers complete gal- 
vanic isolation and protection against damage from transients 
and fault voltages. High level transducer interface capability 
is afforded with model 286J's 20V pk-pk input signal range at 
a gain of 1 V/V operation. In portable multi-channel designs, 
model 286J's single supply, wide range operation (+8V to 
+16V) offers simple battery operation. 



MODEL 286J FUNCTIONAL BLOCK DIAGRAM 




(1V/VTO100VA/) 



MODEL 281 FUNCTIONAL BLOCK DIAGRAM 




•LEAVE TERMINAL 6 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7 

Medical Applications: In biomedical and patient monitoring 
equipment such as multi-channel VCG, ECG, and polygraph 
recorders, model 286J offers protection from lethal ground 
fault currents as well as 5kV defibrillator pulse inputs. Low 
level bioelectric signal recording is achieved with model 286J's 
low input noise (8)uV pk-pk @ G = lOOV/V) and high CMR 
(llOdB, min@60Hz). 

DESIGN FEATURES AND USER BENEFITS 

High Reliability: Model 286J is a conservatively designed, 
compact module, capable of reliable operation in harsh envi- 
ronments. Model 286J has a calculated MTBF of 392,125 hours 
and is designed to meet MIL-STD-202E environmental testing 
as well as the IEEE Standard for Transient Voltage Protection 
(472-1974: Surge Withstand Capability). As an additional 
assurance of reliability, every model 286J is factory tested for 
CMV and input ratings by application of 5kV pk, 10ms pulses, 
between input terminals as well as input/output terminals. 

Isolated Power Supply: Dual ±15V dc @ ±15mA, completely 
isolated from the input power terminals (±2 500V dc isolation), 
provides the capability to excite floating signal conditioners, 
front end buffer amplifiers as well as remote transducers such 
as thermistors or bridges. 

Adjustable Gain: A single external resistor enables gain adjust- 
ment from IV/V to 100 V/V providing the flexibility of apply- 
ing model 286J in both high-level transducer interfacing as 
well as low-level sensor measurements. 
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SPECIFICATIONS 



286J* 



GAIN (NONINVERTING) 




Range (50kn Load) 


1 to lOOV/V 


Formula 


Gain=U 




U00kn/(n{n+R,(kS2)J 


Deviation from Formula 


±4% 


vs. Temperature (0 to +70°C)* 


±0.0075%/°C 


vs. Time 


±0.001%/1000 hours 


Nonhneanty,^ ±5V Output (G = 1 to lOOV/V) 


±0 05% 


NonUnearity,^ ±10V Output (G = 1 to lOOV/V) 


±0.2% 


INPUT VOLTAGE RATINGS 




Linear Differential Range, G = IV/V 


+10V mm 


Max Safe Differntial Input 




Continuous 


240V rms 


Pulse, 10ms Duration, 1 Pulse/lOsec 


±6500V pk max 


Max CMV, Inputs to Outputs 




ac, 60Hz, 1 Mmute Duration 


2500V rms 


Pulse, lOms Duration, 1 Pulse/lOsec 


+2500V pk max 


With 510kJ2 m series with Guard 


±5000V pk max 


Continuous, ac or dc 


±2500V pk max 


CMR, Inputs to Outputs, 60Hz, Rg < Skfi 




Balanced Source Impedance 


114dB 


5kfi Source Impedance Imbalance 


llOdBmin 


CMR, Inputs to Guard, 60Hz 




Ikn Source Impedance Imbalance 


78dB 


Max Leakage Current, Inputs to Power Common 




® 115Vac60Hz 


2.5juA rms max 



OFFSET VOLTAGE, REFERRED TO INPUT 

Initial, @ +25°C (Adjustable to zero) ±(5 + 45/G) mV 
vs. Temperature (0 to +70° C) 

At Gam = lOOV/V ±10/nV/°C 

At Other Gams (1 to lOOV/V) ±(7 + 250/G)/LiV/°C 

vs. Supply Voltage ±lmV/% 



INPUT IMPEDANCE 

Differential 
Overload 
Common Mode 


10^S7||150pF 

300kn 

5x 10'"nll20pF 


INPUT DIFFERENCE CURRENT 

Initial, @ +25°C 

vs Temperature (0 to +70°C) 


±7nA max 
±0 lnA/°C 



INPUT NOISE (Gain = lOOV/V) 




Voltage 




05 Hz to lOOH/ 


8mV pk-pk 


lOHzto IkHz 


i.OfxVms 


Current 




05 Hz to lOOHz 


5pA pk-pk 


FREQUENCY RESPONSE (Gam 


IV/V to lOOV/V) 


Small Signal Bandwidth, -3dB 


lOkHz 


Slew Rate 


25mV/)L(s 


Full Power, lOV pk-pk Output 


900Hz 


Full Power, 20V pk-pk Output 


400Hz 


Recovery Time, to ±100/iV 


200ms 



RATED OUTPUT 

Voltage, 50kn Load 

Output Impedance 

Output Ripple, ImHz Bandwidth 


ilOVmm 
Ikn 
20mV pk-pk 


OSCILLATOR DRIVE INPUT* 
Input Voltage 
Input Frequency 


(8 to 16)V pk-pk 
lOOkHz ±5%, max 



OLATED POWER SUPPLY 




Voltage 


±15Vdc 


Accuracy 


0, -6% 


Current 


±15mA min 


Regulation, No Load to Full Load 


+0, -10% 


Ripple, lOOkHz Bandwidth 


200mV pk-pk 



POWER SUPPLY, SINGLE POLARITY^ 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent 



+15Vdc 

+(8Vdcto 16V dc) 
+13mA 



TEMPERATURE RANGE 
Rated Performance 
Storage 



Oto+70 C 
-55°Cto+85°C 



CASE DIMENSIONS 



1.5 x 15 xO.62 



' Gdin temperature drift is specified as a percentage of output signal level 
^Gain nonlineanty is specified as a percentage of output signal span. 
^Recommended power supply, ADI model 904, ±15V @ ±50mA output. 
•Specifications are for model 286J when driven by ADI model 281 oscillator ci 
Specifications subject to change without notice 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



GUARD- 

i±tk 




SHIELDED MOUNTING SOCKET 



AC1054 



COPPER CLAD SHIELD GUARD 



FEEDTHROUGH WIRE 



1. 



n I 1 



asff 



Tmm. 



w \\,' \j 



a> 



W^<^<§^W-(§> 



COPPER CLAD SHIELD GUARD 



3@H<2) 



BOTTOM VIEW WEIGHT 15 Grar 



a: 



- GRID 1 (2 54) 



GUARDING TECHNIQUES 

To preserve the high CMR performance of model 286, care 
must be taken to keep the capacitance balanced about the in- 
put terminals. A shield should be provided on the printed cir- 
cuit board under model 286 as illustrated in the outline drawing 
above (screened area). The GUARD (pin 6) must be connected 
to this shield. This shield is provided with the mounting socket, 
model AC 1054 (solder feedthrough wire to the socket guard 
pin and copper foil surface.) A recommended guarding tech- 
nique using model AC 1054 is illustrated in Figure 1. 

Best CMR performance will be achieved by using twisted, 
shielded cable to reduce inductive and capacitive pickup. To 
reduce effective cable capacitance, cable shield should be con- 
nected to the common mode signal source by connecting the 
shield as close as possible to signal low as shown in Figure 1. 




^^ f 



POWER GROUND - 



¥ 



i-NC 



E2 OPTIONAL GUARD RfSISTOR, Rq REQUIRED ONLY FOR CMV ^ -2500VpK 

Rg MAY BE CONVENIENTLY MOUNTED ON AC1054 MOUNTING SOCKET USING 

THE STANDOFF PROVIDED (Rq) USE 1/4 WATT 5% CARBON C( 

Y RECOMMENDED) 



Figure 1. Basic Isolator Interconnection 
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Understanding the Isolation Amplifier Performance 



THEORY OF OPERATION 

The remarkable performance of model 2 86 J is derived from 
the carrier isolation technique which is used to transfer both 
signal and power between the amplifier's guarded input stage 
and the rest of the circuitry. The block diagram for model 286J 
is shown in Figure 2 below. 

The 3 20kl2 input protection resistor limits the differential in- 
put current during periods of input amplifier saturation and 
also limits the differential fault current to approximately 
SOjuA in case the preamplifier fails. 

The bipolar input preamplifier operates single-ended (non- 
inverting). Only a difference bias current flows with zero net 
bias current. A third wire return path for input bias current 
is not required. Gain can be set from IV/V to lOOV/V by 
changing the gain resistor, Ri. To preserve high CMR, the gain 
resistor must be guarded. Best performance is achieved by 
shorting terminal 2 to terminal 1 and operating model 286J at 
againof lOOV/V. 

For powering floating input circuitry such as buffer amplifiers, 
instrumentation amplifiers, calibration signals and transducers, 
dual isolated power is provided. High CMV isolation is achieved 
by the low-leakage transformer coupling between the input pre- 
amplifier, modulator section and the output circuitry. 




(IV/V TO 100V/V) 



Figure 2. Block Diagram - Model 286J 

OPTIONAL TRIM ADJUSTMENTS 

Model 286J can be applied directly to achieve rated perform- 
ance as shown in Figure 1, on previous page. Additional trim 
adjustment capability for bandwidth, output offset voltage and 
gain (for gains greater than lOOV/V) is easily provided as 
shown in Figure 3 (below). The OUT and TRIM terminals can 
be floated with respect to PWR COM up to ±50V pk, max of- 
fering three-port isolation. 

The TRIM terminal (pin 11) must be connected to the PWR 
COM terminal (pin 8) when not used to adjust the output off- 
set voltage. A O.ljuF capacitor from pin 11 to PWR COM is 
recommended whenever the TRIM terminal is used. 



BANDWIDTH ROLLOFF 
f (-3dB) = 1 




-O |Eo 

< lOA 

O > >2k 



I GAIN I 



T POWER COM 



Figure 3. Optional Connections: Offset Voltage Trim Adjust 
Bandwidth (-3dB) Rolloff and Gain Adjust (G> 100V/V) 



INTERELECTRODE CAPACITANCE, TERMINAL RATINGS 
AND LEAKAGE CURRENTS LIMITS 

Capacitance: Interelectrode terminal capacitance arising from 
stray coupling capacitance effects between the input terminals 
and the signal output terminals are each shunted by leakage 
resistance values exceeding 50kMr2. Figure 4 illustrates the 
CMR ratings at 60Hz and 5k^ source imbalance between sig- 
nal input/output terminals, along with their respective capaci- 




I r*'*^^^ GAIN 
I — I 1 O * Q LOIN 



*COM 0<R,<- GUARD 



•WHEN GUARD TIED TO INPUT COMMON MODE SOURCE 

Figure 4. Model 286J 
Terminal Capacitance 
and CMR Ratings 




Figured. Model 286J 
Terminal Ratings 



Terminal Ratings: CMV performance is given in both peak 
pulse and continuous ac or dc peak ratings. Pulse ratings are 
intended to support defibrillator and other transient voltages. 
Continuous peak ratings apply from dc up to the normal full 
power response frequencies. Figure 5 and Table 1 illustrate 
model 2 86 J ratings between terminals. 



SYMBOL 


RATING 


REMARKS 


VI (puise) 


±6500VpK (10ms) 


Withstand Voltage, Defibrillator 


VI (cent.) 


±240Vrms 


Withstand Voltage, Steady State 


V2 (pulse) 


±2500VpK(10ms)RG = 


Transient 


V2 (pulse) 


±5000VpK (10ms) Rq = SlOkfl 


Isolation, Defibrillator 


V2 (cent.) 


±2500VpK 


Isolation, Steady State 


V3 (cent.) 


±50VpK 


Isolation, dc 


Zl 


50kMni|20pF 


Isolation Impedance 


I 


50/iA rms 


Input Fault Limit, dc to 200kHz 



Table 1. Isolation Ratings Between Terminals 

Leakage Current Limits: The low coupling capacitance between 
inputs and output yields a ground leakage current of less than 
2.5mA rms at 1 1 5V ac, 60Hz (or 0.02jLlA/V ac). As shown in Fig- 
ure 6, the transformer coupled modulator signal, through stray 
coupling, also creates an internally generated leakage current 
of about SjLiA rms @ lOOkHz. Line frequency leakage current 
levels are unaffected by the power on or off condition'of 
model 286J. 

For medical appUcations, model 286J is designed to improve 
on patient safety current limits proposed by F.D.A., U.L., 
A.A.M.I. and other regulatory agencies (e.g., model 286J com- 
plies with leakage requirements for the Underwriters Labora- 
tory STANDARD FOR SAFETY, MEDICAL AND DENTAL 
EQUIPMENT as established under UL544 for type A and B 
patient connected equipment — reference Leakage Current, 
paragraph 27.5). 

In patient monitoring equipment, such as ECG recorders, 
model 286J will provide adequate isolation without exposing 
the patient to potentially lethal microshock hazards. Using 
passive components for input protection, this design limits 
input fault currents even under amplifier failure conditions. 
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FREQUENCY - Hz 



Figure 6. Model 286J Leakage Current Performance from Line 
Induced and Internally Generated (Modulator) Operating 
Conditions 

PERFORMANCE CHARACTERISTICS 
Common Mode Rejection: Input-to-Output CMR is dependent 
on source impedance imbalance, signal frequency and amplifier 
gain. CMR is rated at 115V ac, 60Hz and 5\Sl imbalance at a 
gain of lOOV/V. Figure 7 illustrates CMR performance as a 
function of signal frequency. CMR approaches 156dB at dc 
with source imbalances as high as 5kr2. As gain is decreased, 
CMR is reduced. At a gain of IV/V CMR is typically 6dB 
lower than at gain of lOOV/V. 







1 1 
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Figure 7. Common Mode Rejection vs. Frequency 

Figure 8 illustrates the effect of source imbalance on CMR per- 
formance at 60Hz at gains of IV/V, lOV/V, and lOOV/V. 
CMR is typically 140dB at 60Hz and a balanced source. CMR 
is maintained greater than 80dB for source imbalances up 
to lOOJcH. 




SOURCE IMPEDANCE IMBALANCE -a 



Gain Nonlinearity: Linearity error is defined as the deviation 
of the output voltage from the best straight line and is speci- 
fied as a % of peak-to-peak output voltage span; e,g=, nonlinear- 
ity of model 286J operating at an output span of lOV pk-pk 
(±5 V) is ±0.05% or ±5mV. Figure 9 illustrates gain nonlinearity 
for any output span to 20V pk-pk (±10V). 
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Figure 9. Gain Nonlinearity vs. Output Voltage 

Input Voltage Noise: Voltage noise, referred to input, is de- 
pendent on gain and bandwidth as illustrated in Figure 10. 
RMS voltage noise is shown in a bandwidth from 0.05Hz to 
the frequency shown on the horizontal axis. The noise in a 
bandwidth from 0.05Hz to lOOHz is SjuV pk-pk at a gain of 
lOOV/V. This value is derived by multiplying the rms value at 
f = lOOHz shown in Figure 10 (1.2AtV rms) by 6,6. 

For best noise performance in particular applications, a low 
pass filter at the output should be used to selectively roll-off 
noise and undesired signal frequencies beyond the bandwidth 
of interest (see note 3, Figure 1). Increasing gain will also 
reduce the input noise. 




BANDWIDTH (-3dB) - Hz 



Figure 10. Input Voltage Noise vs. Bandwidth 

Input Offset Voltage Drift: Total input drift is composed of 
two sources, input and output stage drifts and is gain depend- 
ent. The curve of Figure 1 1 illustrates total input drift over the 
gain range of 1 to lOOV/V. 
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Figure 8. Common Mode Rejection vs. Source Impedance 
Imbalance 



Figure 1 1. Input Offset Voltage Drift vs. Gain 
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Applying the Multi-Channel Isolation Amplifier 



REFERENCE EXCITATION OSCILLATOR 

When applying model 286J, the user has the option of building 
a low cost lOOkHz excitation oscillator, as shown in Figure 12, 
or purchasing a module from Analog Devices — model 281. 




NOTES 

1 FREQ ADJUST ADJUST TRIM POT FOR OUTPUT FREOUENCY OF 100kHz ±5% 

2 FOR SLAVE OPERATION, REMOVE JUMPER FROM SYNC OUT AND SYNC IN PINS 

3 USE CERAMIC CAPACITOR. "COG" OR "NPO" CHARACTERISTIC 

Figure 12. Model 281 100kHz Oscillator - Logic and 
Interconnection Diagram 

The block diagram of model 281 is shown in Figure 13. An 
internal +12V dc regulator is provided to permit the user 
the option of operating over two, pin selectable, power in- 
put ranges; terminal 6 offers a range of + 14V dc to -I-28V dc; 
terminal 7 offers an input range of +8V dc to +14V dc. 



+Vs /tV. 








(+8VTO+14V)W— 




' 






(+14Vt6+28V)Cv~ 


+12V 
REGULATOR 
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SYNC OUT 0- 






■■'o-n-rj 






"^^-m-^ 
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pwncoM u/~ 
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•LEAVE TERMINAL 6 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7 



Figure 13. Model 281 Block Diagram 

Model 281 oscillator is capable of driving up to 16 model 
286J's as shown in Figure 14. An additional model 281 may 
be driven in a slave-mode, as shown in Figure 15, to expand 
the total system channels from 16 to 32. By adding additional 
model 281 's in this manner, systems of over 1000 channels 
may be easily configured. 



EXTERNAL OSCILLATOR INTERCONNECTION 




Figure 14. Model 281/286 Connection for Driving from 
1 to 16 Isolators 



C 



SYNC 
OUT 
SYNC 




1^ 

1 UP TO 
I ISOL/> 

J>^286J 



Figure 15. Model 281/286 Connection for Driving > 16 
isolators 



SPECIFICATIONS 

(typical @ +25° C and Vs = +15\/ dc unless otherwise noted) 



OUTPUT 




Frequency 


100kHz±5% 


Waveform 


Square wave 


Voltage (0 and terminals) 


Oto+12Vpk 


Fan-Out^-^ 


16 max 


POWER SUPPLY RANGE^ 




High Input, Pin 6 


+(14to28)Vdc 


Quiescent Current, N L 


+5mA 


F L 


+16mA 


Low input, Pm 7 


+(8 to 14)V dc 


Quiescent Current, N L 


+ 12mA 


F L 


+33mA 


TEMPERATURE 




Rated Performance 


to +70°C 


Storage 


-55°Cto+85°C 


MECHANICAL 




Case Sue 


1 4" X 6" X 49" 


Weight 


10 grams 



' Model 286J oscillator drive input represents unity oscillator load 

' For applications requiring more than 16 286J's, additional 281*5 may be used 

m a master/slave mode Refer to Figure 1 5 

' Full load consists of 16 model 286j 's and 281 oscillator slave 

Specifications subject to change without notice 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
MODEL 281 
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PIN TERMINAL IDENTIFICATION 

1 POWER COMMON 5 SYNC OUTPUT 

2 ^"OUTPUT 6 +Vs HIGH RANGE +(14 to 28)Vdc 

3 4 OUTPUT 7 +Vs LOW RANGE +(8 to 14)V^ 

4 SYNr INPUT 

MATING SOCKET: CINCH #16 DIP OR EQUIVALENT 

GUIDELINES ON EFFECTIVE SHIELDING & 
GROUNDING PRACTICES 

• Use twisted shielded cable to reduce inductive and capaci- 
tive pickup. 

• Drive the transducer cable shield, S, with the common mode 
signal source, Eq , to reduce the effective cable capacitance 
as shown in Figure 16l This is accomplished by con- 
necting the shield point S, as close as possible to the trans- 
ducer signal low point B. This may not always be possible. 
In some cases the shield may be separated from signal low 
by a portion of the medium being measured (e.g. pressure 
transducer). This will cause a common mode signal, E^^, to 
be generated by the medium between the shield and the sig- 
nal low. The 78dB CMR capability of model 286J between 
the input terminals (HI IN and LO IN) and GUARD, will 
work to suppress the common mode signal, E^. 

• Dress unshielded leads short at the connection terminals 
and reduce the area formed by these leads to minimize in- 
ductive pickup. 
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P.C. CARD SHIELD 286J 
TRANSDUCER^ FLOATING GUARD 

CABLE 



ilOOkHz OSC INPUT 




isolation t6 eliminate troublesome ground loop problems. 
Isolated power outputs and adjustable gain add to the applica- 
tion flexibility of this model. 

Figure 18 illustrates how model 286J can be combined with a 
low drift, ljuV/°C max, front-end amplifier, model AD510K, 
to interface low level transducer signals. Model 286J's isolated 
±15V dc power and front-end guard eliminate ground loops 
and preserve high CMR (llOdB min @ 60Hz). 



Figure 16. Transducer — Amplifier Interface 



GAIN AND OFFSET TRIM PROCEDURE 

In applying the isolation amplifier, highest accuracy is achieved 
by adjustment of gain and offset voltage to minimize the peak 
error encountered over the selected output voltage span. The 
following procedure illustrates a calibration technique which 
can be used to minimize output error. In this example, the 
output span is +5V to -5V and operation at Gain = lOV/V 
is desired. 

1. Apply Cjj^ = volts and adjust Rq for Cq = volts. 

2. Apply e,N = +0.500V dc and adjust R^ f or Cq = + 5.000V dc. 

3. Apply Cjjsj = -0.500V dc and measure the output error 
(see curve a). 

4. Adjust Rq until the output error is one half that measured 
in step 3 (see curve b). 

5. Apply +0.500V dc and adjust Rq until the output error is 
one half that measured in step 4 (see curve c). 
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Figure 17. Gain and Offset Adjustment 



APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 

Remote Sensor Interface: In chemical, nuclear and metal proc- 
essing industries, model 286J can be applied to measure and 
control off-ground millivolt signals in the presence of 
±2500VdcCMV signals. In interface applications such as pH 
control systems or on-line process measurement systems such 
as pollution monitoring, model 286J offers complete galvanic 




>50kn 



Figure 18. Input Signal Conditioning Using Isolated Power for 
Transducer Buffer Amplifier 



Current Loop Receiver: Model 286J can be applied to measure- 
ment of analog quantities transmitted via 4-20mA current 
loops over substantial distances through harsh environments. 
Figure 19 shows an application of model 286J as a current 
loop receiver. A 2512 resistor converts the 4-20mA current 
input from a remote loop to a 100-5 00m V differential voltage 
input, which the 286J amplifies, isolates, and translates to a 
to +5V output level at local system ground. 

Among the most-helpful characteristics of the 286J in this kind 
of measurement are the high common-mode rejection (llOdB 
minimum at 60Hz with 5kr2 source unbalance) and the high 
common-mode rating (±2500 volts dc). The former means low 
noise pickup; the latter means excellent isolation and protec- 
tion against large transients. The high common-mode rejection, 
permitting relatively low input voltage to be used (0.4V span, 
in this case), permits the use of a low current-metering resist- 
ance, which in turn results in low compliance-voltage loading 
on the current loop, and therefore permits insertion into exist- 
ing loops without encountering overrange problems. The gain 
of 12.5 provides a substantial output span, and the floating out- 
put permits biasing to a to 5V range. 



= 12 5V/V ZERO ADJUST 

ADJUST FOR 
iqOkHz OSC INPUT Eo = OV WHEN 
+15V l=4mA 




Figure 19. Isolated Analog Interface; 4 to 20mA is Converted 
to to +5Vat the Output, with Up to ±2500Vof Isolation 
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ANALOG 
DEVICES 



Precision, Wide Bandwidtli, 
Synciironized Isolation Amplifier 



Model 289 



FEATURES 

Low Noniinearity: ±0.012% max (289L) 

Frequency Response: (-3dB) dc to 20kHz 

(Full Power) dc to 5kHz 
Gain Adjustable 1 to 100V/V, Single Resistor 
3-Port Isolation: ±2500V CMV Isolation Input/Output 
Low Gain Drift: ±0.005%/° C max 
Floating Power Output: ±15V @ ±5mA 
120dB CMR at 60Hz: Fully Shielded Input Stage 
Meets UL Std. 544 Leakage: ^A rms max, @ 115V ac, 60Hz 

APPLICATIONS 

Multi-Channel Data Acquisition Systems 

Current Shunt Measurements 

Process Signal Isolator 

High Voltage Instrumentation Amplifier 

SCR Motor Control 

GENERAL DESCRIPTION 

Model 289 is a wideband, accurate, low cost isolation ampli- 
fier designed for instrumentation and industrial applications. 
Three accuracy selections are available offering guaranteed 
gain noniinearity error at lOV p-p output: ±0.012% max 
(289L), ±0.025% max (289K), ±0.05% max (289J). All ver- 
sions of the 289 provide a small signal frequency response 
from dc to 20kHz (-3dB) and a large signal response from dc 
to 5kHz (full power) at a gain of IV/V. This new design offers 
true 3-port isolation, ±2500V dc between inputs and outputs 
(or power inputs), as well as 240V rms between power supply 
inputs and signal outputs. Using carrier modulation tech- 
niques with transformer isolation, model 289 interrupts 
ground loops and leakage paths and minimizes the effect of 
high voltage transients. It provides 120dB Common Mode 
Rejection between input and output common. The high CMV 
and CMR ratings of the model 289 facilitate accurate measure- 
ments in the presence of noisy electrical equipment such as 
motors and relays. 
WHERE TO USE THE MODEL 289 

The model 289 is designed to interface single and multichannel 
data acquisition systems with dc sensors such as thermo- 
couples, strain gauges and other low level signals in harsh in- 
dustrial environments. Providing high accuracy with complete 
galvanic isolation, and protection from line transients of fault 
voltages, model 289 's performance is suitable for applications 
such as process controllers, current loop receivers, weighing 
systems, high CMV instrumentation and computer inter- 
face systems. 

Use the model 289 when data must be acquired from floating 
transducers in computerized process control systems. The 
photograph above shows a typical multichannel application 
allowing potential differences or interrupting ground loops, 
among transducers, or between transducers and local ground. 



MODEL 289 FUNCTIONAL BLOCK DIAGRAM 




DESIGN FEATURES AND USER BENEFITS 
Isolated Power: The floating power supply section provides 
isolated ±15V outputs @ ±5mA. Isolated power is regulated to 
within ±5%. This feature permits model 289 to excite floating 
signal conditioners, front-end buffer amplifiers and remote 
transducers such as thermistors or bridges, eliminating the need 
for a separate isolated dc/dc converter. 

Adjustable Gain: A single external resistor adjusts the model 
289's gain from IV/V to lOOV/V for applications in high and 
low level transducer interfacing. 

Synchronized: The model 289 provides a synchronization 
terminal for use in multichannel applications. Connecting the 
synchronization terminals of model 289s synchronizes their 
internal oscillators, thereby eliminating the problem of oscil- 
lator "beat frequency" interference that sometimes occurs 
when isolation amplifiers are closely mounted. 

Internal Voltage Regulator: Improves power supply rejection 
and helps prevent carrier oscillator spikes from being broad- 
cast via the isolator power terminal to the rest of the system. 
Buffered Output: Prevents gain errors when an isolation ampli- 
fier is followed by a resistive load of low impedance. Model 
289 can drive a 2kr2 load. 

Three-Port Isolation: Provides true galvanic isolation between 
input, output and power supply ports. Eliminates need for 
power supply and output ports being returned through a com- 
mon terminal. 

Reliability: Model 289 is conservatively designed to be capable 
of reliable operation in harsh environments. Model 289 has a 
calculated MTBF of 271,835 hours. In addition, the model 
289 meets UL Std. 544 leakage, l^A rms @ 115V ac, 60Hz. 



ISOLATION AMPLIFIERS 5-45 



SPECIFICATIONS 



(typical @ +251; and Vs = ± 14.4V to +25V dc unless otherwise noted) 



GAIN (NONINVERTING) 






Range 




1 to lOOV/V 


Formula 




r 1 X lOkJi 


Deviation from Formula 




±1.5% max 


vs Temperature (0 to +70°C)' 




15ppm/°C typ (50ppm/°C max) 


Nonlmearity, (±5V Swing)^'^ 


±0 05% max 


±0 025% max ±0.01 2% max 


INPUT VOLTAGE RATINGS 






Linear Differential Range (G = 


IV/V) 


±10V mm 


Max Safe Differential Input 






Continuous 




120V rms 


1 Minute 




240V rms 


Max CMV (Inputs to Outputs) 






Continuous ac or dc 




±2500V peak max 


ac, 60Hz, 1 Mmute Duration 




2500V rms 


CMR, Inputs to Outputs 60Hz 






Rs < lkJ2, Balanced Source 


Impedance 


120dB 


Rs<lkn, HIINLeadOnly 




104dB min 


Max Leakage Current, Input to 


Output @ 




llSVrms. 60Hzac 




2juA rms max 



INPUT IMPEDANCE 
Differential 
Overload 
Common Mode 


33pF||10«n 

lOOkfi 

20pF||5Xl0^^n 


INPUT DIFFERENCE CURRENT 
Imtial @ +25°C 
vs. Temperature (0 to 70° C) 


10nA(75nAmax) 
15nA/°C 



INPUT NOISE (GAIN = lOOV/V) 
Voltage 

OOSHzto lOOHz 

lOHz to IkHz 
Current 

0.05Hz to lOOHz 



SjUV p-p 
3juV rms 



3pA rms 



FREQUENCY RESPONSE 

Small Signal -3dB 

G=1V/V 

G=100V/V 
Full Power, lOV p-p Output 

G = 1V/V 

G = 100V/V 
Full Power, 20V p-p Output 

G = 1V/V 

G=100V/V 
Slew Rate 
Settling Time" ±0.05%, ±10V Step 



20kHz 
5kHz 

5 kHz 
3 5kHz 

2 3kHz 
2 3 kHz 
14V//US 
400jus 



OFFSET VOLTAGE, REFERRED TO INPUT 

Initial, @ +25°C 



vs Temperature (0 to +70 C) 

vs Supply Voltage (+15V to +20V change) 



±5 ±— mV max 
±15±-if-max 



±10±— -juV/ Cmax 



RATED OUTPUT 

Voltage, 2kfl Load 
Output Impedance 
Output Ripple, IMHz Bandwidth 

No Signal IN 

+IOV1N 



±10Vmin 
<in(dc to lOOHz) 



5m V p-p 
50mV p-p 



ISOLATED POWER SUPPLY 
Voltage 
Accuracy 
Current 

Regulation No Load to Full Load 
Ripple, O.lMHz Bandwidth, No Load 
Full Load 



±15Vdc 
±10% 

±5mA, mm 
±5% 

25mVp-p 
75mV p-p 



POWER SUPPLY, SINGLE POLARITY* 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent (@ Vs = +15V) 


+14.4Vto+25V 
+8 5V to +25V 
+25mA 


TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 


to +70°C 

-15°Cto+75°C 

-55°Cto+85°C 


CASE DIMENSIONS 


1.5"X2 0"X0.75" 



NOTES 

' Gain temperature drift is specified as a percentage of output signal level 

' Gain nonlineanty is specified as a percentage of lOV pk-pk output span. 

' When isolated power output is used, nonlmearity increases by ±0.002%/mA of 

*G = IVA^, with 2-pole, 5kHz output filter (see Figure 13). 

'Recommended power supply, ADI model 904, ±15V ® 50mA output. 

Specifications subject to change without nonce. 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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INTERCONNECTIONS AND SHIELDING 
TECHNIQUE 

To preserve the high CMR performance of 
model 289, care must be taken to keep the 
capacitance balanced about the input terminals. 
A shield should be provided on the printed cir- 
cuit board under model 289 as illustrated in the 
outline drawing above (screened area). The LO 
IN/ISO PWR COM (pin 1) must be connected 
to this shield. This shield is provided with the 
mounting socket, model AC1214 (solder feed- 
through wire to the socket pin 1 and copper 
foil surface). A recommended shielding tech- 
nique using model AC1214 is illustrated in 
Figure 1. 

Best CMR performance will be achieved by 
using twisted, shielded cable for the input signal 
to reduce inductive and capacitive pickup. To 
further reduce effective cable capacitance, the 
cable shield should be connected to the com- 
mon mode signal source as close to signal low 
as possible (see Figure 1). 
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Understanding the Isolation Amplifier Performance 



TRANSDUCER 



MODEL 289 
FLOATING 
GUARD 




NOTE 

GAIN RESISTOR Rq, 1% 50ppm/°C METAL FILM TYPE IS RECOMMENDED 
FOR GAIN = 1V/V, LEAVE PIN 4 OPEN 

FOR GAIN > IV/V, CONNECT GAIN RESISTOR (Rq) BETWEEN PIN 4 AND PIN 1 
. JOkn 
RG(kn) 



GAIN <= 1 + 



Figure 1. Basic Isolator Interconnection 

THEORY OF OPERATION 

The remarkable performance of the model 289 is derived from 
the carrier isolation technique used to transfer both signal and 
power between the amplifier's input stage and the rest of the 
circuitry. A block diagram is shown in Figure 2. 






Figures. Model 289 
Terminal Capacitance 



Figure 4. Model 289 
Terminal Ratings 



Terminal Ratings: CMV performance is given in both peak 

pulse and continuous ac, or dc peak ratings. Continuous peak 

ratings apply from dc up to the normal full power response 

frequencies. Figure 4 illustrates model 289 ratings between 

terminals. 

GAIN AND OFFSET TRIM PROCEDURE 

The following procedure illustrates a calibration technique 

which can be used to minimize output error. In this example, 

the output span is +5 V to -5V and Gain = lOV/V. 

1. Apply EjN = volts and adjust Rq for Eq = volts. 

2. Apply EiN = +0.500V dc and adjust Rq for Eq = 
+5.000V dc. 

3. Apply EiN = -0.500V dc and measure the output error 
(see curve a). 

4. Adjust Rg until the output error is one-half that measured 
in step 3 (see curve b). 

5. Apply +0.500V dc and adjust Rq until the output error is 
one-half that measured in step 4 (see curve c). 
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Figure 2. Model 289 Block Diagram 

The input signal is filtered and appears at the input of the non- 
inverting amplifier, Al. This signal is amplified by Al, with its 
gain determined by the value of resistance connected exter- 
nally between the gain terminal and the input common termi- 
nal. The output of Al is modulated, carried across the isola- 
tion barrier by signal transformer Tl, and demodulated. The 
demodulated voltage is filtered, amplified and buffered by 
amplifier A2, and applied to the output terminal. The voltage 
applied to the Vg terminal is set by the regulator to + 12V 
which powers the lOOkHz symmetrical square wave power 
oscillator. The oscillator drives the primary winding of trans- 
former T2. The secondary windings of T2 energize both input 
and output power supplies, and drives both the modulator 
and demodulator. 

INTERELECTRODE CAPACITANCE AND TERMINAL 
RATINGS 

Capacitance: Interelectrode terminal capacitance, arising from 
stray coupling capacitance effects between the input terminals 
and the signal output terminals, are each shunted by leakage 
resistance values exceeding SOG^. Figure 3 illustrates model 
289's capacitance, between terminals. 



OUTPUT VOLTAGE - Volts 




Figure 5a. Recommended Offset and Gain Adjustment 
for Gains > 1 
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Figure 5b. Recommended Offset Adjustment forG^I VA/ 
ISOLATION AMPLIFIERS 5-47 



PERFORMANCE CHARACTERISTICS 

Figure 6 shows the phase shift vs. frequency. The low phase 
shift and wide bandwidth of the model 289 make it suitable 
for use in SCR Motor Controller and other high frequency 
applications. 
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Figure 6. Typical 289 Phase vs. Frequency 

Figure 7 illustrates the effect of source impedance imbalance 
on CMR performance at 60Hz for gains of IV/V, lOV/V, and 
lOOV/V. CMR is typically 120dB at 60Hz and a balanced 
source impedance. CMR is >60dB for source impedance im- 
balances up to lOOk^Z. 
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Figure 7. Typical 289 Common Mode Rejection vs. 
Source Impedance 

Input Voltage Noise: Voltage noise, referred to input, is 
dependent on gain and bandwidth. Figure 8 shows rms voltage 
noise in a bandwidth from 0.05Hz to the frequency shown on 
the horizontal axis. The noise in a bandwidth from 0.05Hz to 
lOOHz is 8jLiV pk-pk at a gain of lOOV/V. The peak-to-peak 
value is derived by multiplying the rms value at F = lOOHz 
(1.2juV rms) by 6.6. 

For best noise performance in particular applications, a low 
pass filter at the output should be used to selectively roll- 
off noise and undesired signal frequencies beyond the band- 
width of interest. Increasing gain will also reduce the noise, 
referred to input. 
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Figure 8. Typical Input Voltage Noise vs. Bandwidth 
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Gain Nonlinearity: Linearity error is defined as the deviation 
of the output voltage from the best straight line and is speci- 
fied as a % peak-to-peak output voltage span; e.g., nonlin- 
earity of model 289J operating at an output span of lOV pk-pk 
(±5V) is ±0.05% or ±5nriV. Figure 9 illustrates gain nonlin- 
earity for any output span to 20V pk-pk (±10V). Figure 10 
shows the effect of gain vs. gain nonlinearity. 
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Figure 9. Typical Gain Nonlinearity vs. Output Swing 
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Figure 10. Typical Gain Nonlinearity vs. Gain 



Common Mode Rejection: Input-to-output CMR is dependent 
on source impedance imbalance, signal frequency and ampli- 
fier gain. CMR is rated at 115V ac, 60Hz and lkl2 balanced 
source at again of lOOV/V. Figure 11 illustrates CMR per- 
formance as a function of signal frequency. CMR approaches 
156dB at dc with source imbalance as high as lki7. As gain is 
decreased, CMR is reduced. At a gain of IV/V, CMR is typi- 
cally 6dB lower than at a gain of lOOV/V. 
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Figure 1 1. Typical Common Mode Rejection vs. Frequency 
at a Gain of 1 V/V, CMR is typically 6dB Lower than at a 
Gain of 100V A/ 



Applications 



MULTICHANNEL APPLICATIONS 

Isolation amplifiers containing internal oscillators may exhibit 
a Slowly varying offset voltage at the output when used in 
multichannel applications. This offset voltage is the result of 
adjacent internal oscillators beating together. For example, if 
two adjacent isolation amplifiers have oscillator frequencies of 
lOO.OkHz and lOO.lkHz respectively, a portion of the dif- 
ference frequency may appear as a slowly varying output 
offset voltage error. Model 289 eliminates this problem by 
offering a synchronization terminal (pin 8). When this terminal 
is interconnected with other model 289 synchronization ter- 
minals, the units are synchronized. Alternately, one or more 
units may be synchronized to an external lOOkHz ±2% square- 
wave generator by the connection of synchronization termi- 
al(s) to that generator. The generator output should be 
2.5V— 5.0V p-p with lki2 source impedance to each unit. 
Use an external oscillator when you need to sync to an ex- 
ternal lOOkHz source, such as a sub-multiple of a micropro- 
cessor clock. A differential line driver, such as SN75158, can 
be used to drive large clusters of model 289. When using the 
synchronization pin, keep leads as short as possible and do 
not use shielded wire. These precautions are necessary to avoid 
capacitance from the synchronization terminal to other points. 
It should be noted that units synchronized must share the same 
power common to ensure a return path. 

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 

Isolated DAS: In data acquisition systems where multiple 
transducers are powered by a single supply and the magnitude 
of that supply is low enough for a multiplexer to handle the 
voltages on all the transducers, it is economical to multiplex 
ahead of an isolator. The fast settling time of the model 289 
makes this configuration practical where slower isolators would 
not be usable. 

Figure 12 shows an application where the difference in voltage 
between any two terminals of any of the transducers does not 
exceed 30 volts. Though the input of the model 289 is pro- 
tected against Hne voltage, its power terminals are not; neither 
is the multiplexer so protected. This circuit will not, therefore, 
withstand the differential application of line voltage. 

Multiplexer addressing is binary, an enable providing selection 
of the circuit shown as a signal source. Optical isolation is pro- 
vided for digital signals. When several of these circuits are used 
for several groups of transducers, the model 289's should be 
synchronized. 




J^ L ENABLE 



COMPUTER 



Figure 12. DAS with MUX Ahead of isolator 
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LM310 IS A BUFFER AMPLIFIER 



Figure 13. 2-Pole, 5kHz Active Filter 

Noise Reduction in Data Acquisition Systems: Transformer 
coupled isolators must have a carrier to pass dc signals through 
their signal transformers. Inevitably some carrier frequency 
ripple passes through to the isolator output. As the bandwidth 
of an isolator becomes a larger fraction of its carrier frequency, 
this ripple becomes more difficult to control. Despite this dif- 
ficulty, the model 289 produces very low ripple; therefore, 
additional filtration will usually be unnecessary. However, in 
some applications, particularly where a fast analog-to-digital 
converter is used following the isolator, it may be desirable to 
add filtration; otherwise, ripple may cause inaccurate conver- 
sions. The 2-pole low-pass shown in Figure 13 limits isolator 
bandwidth to 5kHz, which is the full power bandwidth of the 
model 289. Carrier ripple is much reduced. Another beneficial 
effect of an output filter is smoothing of discontinuous high 
frequency waveforms. 

Motor Control and AC Load Control: Phase shift and band- 
width are important considerations for motor control and ac 
load control applications. The model 289 possesses sufficient 
bandwidth and acceptable phase shift for such tasks. 

Figure 14 shows two model 289's sensing the armature voltage 
and current of a motor. Faithful replicas of the waveforms 
of these variables are applied to the motor control. Al oper- 
ates at unity gain from divided Rl— R3 to deliver an output 
that is 1/100 of the armature voltage of the motor. A2 
operates at a gain of lOOV/V to deliver a voltage 100 times 
that developed across the current sensing shunt. 




Figure 14. Isolating a Motor Controller 
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Figure 15 shows three model 289's sensing the voltages on the 
three phases of an ac load. The Y network shown divides the 
voltages of the three phases and creates a neutral for the input 
commons of the isolators. The output of each isolator is a 
faithful replica of the phase of the waveform it senses. The 
isolator outputs provide the feedback necessary for the trig- 
ger control to correctly fire the triacs. In other applications, 
the outputs of the isolators might have been fed to rms-to-dc 
converters. 
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Figure 15. Isolating a 3 Phase Load Controller 

Isolated DACs: Figure 16 shows a 12-bit DAC with ±5V 
isolated output. A buffered -5V reference voltage is provided 
to the DAC by Ala, Alb and associated circuitry. The digital 
input causes a proportion of DAC current to flow into OUTl. 
of the DAC. The remaining DAC current flows into OUT2. 
Current flowing into OUTl causes positive voltage at the out- 
put of Ale. Current flowing into 0UT2 causes a positive volt- 
age at the output of Aid, which in turn causes a negative 
voltage at the output of Ale. Voltage appearing at the output 
of Ale is reproduced at the output of the model 289. R5 and 
R8 must be adjusted to produce less than 0.5mV at OUTl and 
OUT2 of the DAC respectively. Rl 5 may be used to adjust gain 
and Rl 1 to adjust offset with the binary code 1000 0000 0000 
to zero. 




— SCHOTTKY DIODES 
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Figure 17 shows the model 289 providing an isolated 4-to- 
20mA output from a 12-bit DAC. Ala provides a -4V refer- 
ence to the DAC. The digital input causes a portion of DAC 
current to flow into OUTl, causing a positive voltage at the 
output of Aid. Alb produces a voltage across R4 proportional 
to DAC current. Ale and associated circuitry sink a current 
which is one-fourth of the full scale current of the DAC, 
causing a positive voltage of 1 volt at the output of Aid. 
With the code 1111 1111 1111, +5 volts appears at the out- 
put of Aid. Operation is unipolar with a positive offset. The 
output voltage of Aid is reproduced at the output of the 
isolator, where the circuitry shown converts it into a 4-to- 
20mA current which may be applied to the load Rl. 
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Figure 17. 12-Bit Isolated Process Current DAC 

Temperature Measurement: Figure 18 shows the model 289 
providing a ground-referred output in an application measuring 
the temperature of an object floating at a high common mode 
voltage. The ADS 90 temperature sensor sinks a current of 
-IjLtA/K. This current flows into the gain terminal of the model 
289, developing +10mV/K across the internal feedback resistor. 
This voltage also appears at the output of the model 289. 

The circuitry shown connected by a dotted line may be useful 
if an output of 10mV/°C is desired. A current of +273iuA 
is sourced through the 8.66k resistor and the potentiometer 
cancelling the AD 5 90 current at 0°C (273K), resulting in 
OmV at the output at 0°C. 
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Figure 18. Isolated Temperature Measurement 



Figure 16. 12-Bit Isolated Voltage DAC 
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ANALOG 
DEVICES 



Low-Cost, Single and 
Multichannel Isolation Amplifiers 



Models 290A/292A 



FEATURES 

Low Cost 

Multichannel Capability Using External Oscillator (292A) 

Isolated Power Supply: ±13V dc @ ±5mA (290A) or ±15mA 

(292A) 
Low Nonlinearity: 0.1% @ 10V pk-pk Output 
High Gain Stability: 0.001%/1000 Hours; 0.01 %/°C 
Small Size: 1 .5" X 1 .5" X 0.62" 

Low Input Offset Voltage Drift: lOjuV/^C (Gain = 100V/V) 
Wide Input/Output Dynamic Range: 20V pk-pk 
High CMV Isolation: 1500V dc. Continuous 
Wide Gain Range: 1 to 100V/V 

APPLICATIONS 

Ground Loop Elimination in Industrial and Process Control 
High Voltage Protection in Data Acquisition Systems 
Fetal Heart Biomedical and Monitoring Instrumentation 
Off-Ground Signal Measurements 

GENERAL DESCRIPTION 

Models 290A and 292A are low-cost, compact, isolation ampli- 
fiers that are optimized for single and multichannel industrial 
applications, respectively. The model 290A has a self-contained 
oscillator and is intended for single channel applications. A 
single external synchronizing oscillator can drive up to 16 
model 292As or, a virtually limitless number of model 292As 
can be configured using multiple oscillators. The user can sup- 
ply the external oscillator circuit or specify model 281 oscil- 
lator module, which includes a voltage regulator for operation 
over a wide single supply voltage range of +8V to +28V. 

Models 290A and 292 A design features include: adjustable gain, 
from 1 to lOOVA^, dual isolated power, ±13V dc, ± 1500V dc 
off ground isolation, lOOdB minimum CMR at 60Hz, lkl2 
source imbalance, in a compact 1.5 X 1.5 X 0.6 ' module. 
Models 290A and 292A achieve low input noise of IjuV pk-pk 
(lOHz bandwidth, G = 100 V/V), nonlinearity of ±0.1% @ lOV 
pk-pk output, and an input/output dynamic range of 20V 
pk-pk. 

Using modulation techniques with reliable transformer isola- 
tion, models 290A and 292A will interrupt ground loops, 
leakage paths, and voltage transients, while providing dc to 
2kHz (-3dB) response. 

WHERE TO USE MODELS 290A AND 292 A 
Industrial Applications: In data acquisition systems, computer 
interface systems, process signal isolators and high CMV instru- 
mentation, models 290A and 292A offer complete galvanic iso- 
lation and protection against damage from transients and fault 
voltages. High level transducer interface capability is afforded 



MODELS 290A/292A FUNCTIONAL BLOCK DIAGRAM 



BIPOLAR INPUT AMPLIFIER 



Lo IN/ -; 

ISOPWRCOM^ 

GUARD® 




DC TO IkHz 



DEI\fIOD — FILTER 




with 20V pk-pk input signal range at a gain of IV/V operation. 
In portable single or multichannel designs, single power supply 
operation (+8V to +16V) enables battery operation. 

DESIGN FEATURES AND USER BENEFITS 
Isolated Power: Dual ±13V dc output, completely isolated from 
the input power terminals (±1500Vdc isolation), provides the 
capability to excite floating signal conditioners, front end buf- 
fer amplifiers and remote transducers such as thermistors or 
bridges. 

Adjustable Gain: Models 290A and 292A adjustable gain offers 
compatibility with a wide class of input signals. A single ex- 
ternal resistor enables gain adjustment from 1 V/V to lOOV/V 
providing flexibility in both high level transducer interfacing 
as well as low level sensor measurement applications. 

Floating, Guarded Front-End: The input stage of models 290A 
and 292A can directly accept floating differential signals or it 
may be configured as a high performance instrumentation 
front-end to accept signals having CMV with respect to input 
power common. 

High Reliability: Models 290A and 292 A are conservatively 
designed, compact modules, capable of reliable operation in 
harsh environments. They have a calculated MTBF of over 
400,000 hours and are designed to meet M1L-STD-202E en- 
vironmental testing as well as the IEEE Standard for Transient 
Voltage Protection (472-1974: Surge Withstand Capability). 
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SPECIFICATIONS 



(typical@ +25n:;G=100V/V and Ys= +15V unless otherwise noted) 



GAIN (NONiNVERTiNG) 




Range (50kn Load) 


X to lOOVA^ 




r.,i„- J , lOOkn 




/ ' ikn + R,(kn) 


Deviation from Formula 


±3% 


vs. Time 


±0.001%/1000 Hours 


vs. Temperature (-25°C to +85°C)' 


±0.007 5%/° C 


Nonlinearity, G = IV/V to lOOV/V' 


±0.1% (±0.25%)^ 


INPUT VOLTAGE RATINGS 




Linear Differential Range, G = IV/V 


±5Vmm(±10Vmin)3 


Max Safe Differential Input 




Continuous, 1 mm 


llOVrms 


Max CMV, Inputs to Outputs 




ac, 60Hz, 1 Minute Duration 


1500V rms max 


Continuous, ac 


±1000Vpkmax 


Continuous, dc 


±1500V pk max 


CMR, Inputs to Outputs, 60Hz, Rg < lkS2 




Balanced Source Impedance 


106dB 


Ikn Hi In Lead Only 


lOOdB min 


Max Leakage Current, Inputs to Power Common 




@115Vac,60Hz 


lOjuA rms max 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



INPUT IMPEDANCE 




Differential 


10«J2||70pF 


Overload 


lOOkfl 


Common Mode 


5X 10'°n||100pF 


INPUT DIFFERENCE CURRENT 




Initial, @ +25°C 


+3nA 


vs. Temperature (-25°C to +85°C) 


±0,lnA/°C 




INPUT NOISE 

Voltage, G = lOOV/V 
O.OlHz to lOHz 
lOHz to IkHz 
Current 

0.05Hz to lOOHz 



IjUV p-p 
1,5mV rms 



5pA p-p 



BOTTOM VIEW 

WEIGHT: 40 Grams -*1 |-«— GRID 1 (2.54) 

*PINS 9 AND 10 NOT PRESENT ON 290A 

SHIELDED MOUNTING SOCKET 
AC1054 

COPPER CLAD SHIELD GUARD 



FREQUENCY RESPONSE 
Small Signal, -3dB, G = IV/V 
Slew Rate 
Full Power, lOV p-p Output 



2.5kHz 
50mV//is 



Gam - IVA^ thru lOOV/V 


2.0kHz(1.0kHz)3 3 OkHzd OkHz)^ 


OFFSET VOLTAGE REFERRED TO INPUT 
Initial, @ +25°C, Adjustable to Zero 
vs Temperature (-25°C to +85°C) 
vs. Supply Voltage 


±(5 + 50/G)mV 
±(10+150/G)mV/°C ±(8 + 250/G)juV/°C 
±lmV/% 


RATED OUTPUT 
Voltage, 50k Load 
Output Impedance 
Output Ripple, IMHz Bandwidth 


±5Vmm(±10Vmin)^ 

ikn 

lOmV pk-pk 


OSCILLATOR DRIVE INPUT 
Input Voltage 
Input Frequency 


N/A 8 to 16V pk-pk 
N/A lOOkHz ±5%, max 




ISOLATED POWER OUTPUTS 








Voltage Full Load 




±13Vdc 




Accuracy 




±5% 




Current^ 


±5mA min 




±15mA mm 


Regulation, No Load to Full Load 




+0,-15% 




Ripple, lOOkHz Bandwidth 


200mV p-p 




250mV p-p 



a> 



_.10._11 ._12 



COPPER CLAD SHIELD GUARD 






<§> 



BOTTOM VIEW WEIGHT 15 Grams 



^----■©-j--®- 



■OF- 



14DIA 

HOLE 

(2 PLACES) 



-^i>ir 



POWER SUPPLY, SINGLE POLARITY 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent 


+ 15Vdc 

+8Vdcto+15.5Vdc 

+20mA 


TEMPERATURE RANGE 
Rated Performance 
Storage 


-25°C to +85°C 
-55°C to +85°C 


CASE DIMENSIONS 


1.5" X 1.5" X 0.62" 



HI IN IS. 

j-^L^oi — QloinJI 

guardV'"^ T I Li 



NOTES 

' Gain temperature drift is specified as a percentage of output signal level. 

"Gain nonlinearity is specified as a percentage of lOV pk-pk output span, 

'These specs apply for a 20V pk-pk output span. 

'Do not load Visq when operating at output ^ans greater than lOV pk-pk 

Specifications subject to change without nouce. 



Figure 1. Model 290A and 292A Terminal Ratings 



Symbol Rating Remarks 

Vi ±110Vrms(cont.) 

V2 ±1000Vpk(cont.) 

V2 ±1 500V pk (cent) 

V2 tlSOOVrmsd mm) 

V3 ±50V pk (cont.) 

Zi 50Gn||20pF 

Table I. Isolation Ratings Between Terminals 



Withstand Voltage, Steady State 
Isolation, Steady State, ac 
Isolation, Steady State, dc 
Isolation, ac, 60Hz 
Isolation, dc 
Isolation Impedance 
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Understanding the Isolation Amplifier Performance 



THEORY OF OPERATION 

The remarkable performance of models 290A and 292A are 
derived from the carrier isolation technique which is used to 
transfer both signal and power between the amplifier's guarded 
input stage and the rest of the circuitry. The block diagram for 
both models is shown in Figure 2 below. 

The bipolar input preamplifier operates single-ended (non- 
inverting). Only a difference bias current flows with zero net 
bias current. A third wire return path for input bias current is 
not required. Gain can be set from IV/V to lOOV/V by chang- 
ing the gain resistor, Rj. To preserve high CMR, the gain resis- 
tor must be guarded. Best performance is achieved by shorting 
terminal 2 to terminal 1 and operating the isolator at a gain 
of lOOV/V. 

For powering floating input circuitry such as buffer amplifiers, 
instrumentation amplifiers, calibration signals and transducers, 
dual isolated power is provided. High CMV isolation is achieved 
by the low-leakage transformer coupling between the input 
preamplifier, modulator section and the output circuitry. Only 
the lOpF leakage capacitance between the floating input section 
and the rest of the circuitry keeps the CMR from being infinite. 



PC CARD SHIELD 




Figure 3. Transducer - Amplifier Interface 

GAIN AND OFFSET TRIM PROCEDURE 

In applying the isolation amplifier, highest accuracy is achieved 
by adjustment of gain and offset voltage to minimize the peak 
error encountered over the selected output voltage span. The 
following procedure illustrates a calibration technique which 
can be used to minimize output error. In this example, the 
output span is +5V to -5V and operation at Gain = lOV/V 
is desired. 



LO IN/ -> 

isopwrcom\ 

GUARD ^6 




-QO) |(292AONLY) 



(IV/V TO 100V/V) 



Figure 2. Block Diagram - Models 290A and 292A 



1. Apply EiN = volts and adjust Rq for Eq = volts. 

2. Apply EiN = +0.5V dc and adjust Rq for Eq = +5.0V dc. 

3. Apply EjN = -0.5V dc and measure the output error (see 
curve a). 

4. Adjust Rg until the output error is one half that measured 
in step 3 (see curve b). 

5. Apply +0.5V dc and adjust Rq until the output error is 
one half that measured in step 4 (see curve c). 



a b c 



OUTPUT VOLTAGE - Volts 



GUIDELINES ON EFFECTIVE SHEILDING & 
GROUNDING PRACTICES 

• Use twisted shielded cable to reduce inductive and capaci- 
tive pickup. 

• Drive the transducer cable shield, S, with the common 
mode signal source, Eq, to reduce the effective cable ca- 
pacitance as shown in Figure 3. This is accomplished by 
connecting the shield point S, as close as possible to the 
transducer signal low point B. This may not always be pos- 
sible. In some cases the shield may be separated from signal 
low by a portion of the medium being measured (e.g. pres- 
sure transducer). This will cause a common mode signal, 
Ej^ , to be generated by the medium between the shield and 
the signal low. The 86dB CMR capability of both models 
between the input terminals (HI IN and LO IN) and 
GUARD, will work to suppress the common mode signal, 

Em. 

• Dress unshielded leads short at the connection terminals 
and reduce the area formed by these leads to minimize 
inductive pickup. 



-<S 



Rg 5kn 







GAIN RESISTOR, R„ 1%, 50ppm/°C METAL FILM TYPE IS RECOMMENDED 
FOR GAIN = IV/V, LEAVE TERMINAL 2 OPEN. 
FOR GAIN = 100V/V, SHORT TERMINAL 2 TO TERMINAL 1 
rAiw- i4.__J00kn 



Figure 4. Gain and Offset Adjustment 
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SELECTING BANDWIDTH 

In low frequency signal measurements, such as thermocouple 
temperature measurements, strain gage measurements and 
geophysical instrumentation, an external filter is used to 
select bandwidth and minimize output noise. 

When used with a buffer amplifier as shown in Figure 5a be- 
low, a series resistor (Rg) is used to lower the effective value 
of the filter capacitor required to achieve very low frequency 
(under 200Hz) noise filtering. 



BANDWIDTH > f(-3dB) » jjpg^^^^ 




Figure 5a. Selecting Bandwidtfi witti External Capacitor and 
Buffer 

An active filter, as illustrated in Figure 5b will significantly 
improve 60Hz noise reduction at the output by providing a 
sharp roll-off characteristic. The 5 Hz 3 -pole active filter design 
illustrated in Figure 5b, will increase the 60Hz noise reduction 
by 50dB. Overall CMR performance of models 290 and 292 
and the 5Hz active filter approaches 150dB @ 60Hz and lkI2 
imbalance. 




6 

_ PWRCOM 



Figure 5b. Selecting Bandwidtfi witti a 3-Pole 5Hz Active Filter 

PERFORMANCE CHARACTERISTICS 

Common Mode Rejection: Input-to-Output CMR is dependent 
on source impedance imbalance, signal frequency and ampli- 
fier gain. CMR is rated at 115V ac, 60Hz and lki2 imbalance 
at a gain of lOOV/V. Figure 6 illustrates CMR performance as 
a function of signal frequency, CMR approaches IBOdB at dc 
with source imbalances as high as lki2. As gain is decreased, 
CMR is reduced. At a gain of 1 V/V, CMR is typically 12dB 
lower than at a gain of 100 V/V. 
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Figure 6. Typical Common Mode Rejection vs. Frequency 

Figure 7 illustrates the effect of source imbalance on CMR per- 
formance at 60Hz and Gain = 100 V/V. CMR is typically 
llOdB at 60Hz and a balanced source. CMR is maintained 
greater than 70dB for source imbalances up to lOOk^i. 
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•TEST CIRCUIT - EACH RESISTOR ADJUSTED Oil TO lOOkO 
CMR VALUE GIVEN FOR HI IN LEAD AND LO IN LEAD 









SOURCE IMPEDANCE IMBALANCE - n 



Figure 7. Typical Common Mode Rejection vs. Source 
Impedance Imbalance 

Gain Nonlinearity: Linearity error is defined as the deviation 
of the output voltage from the best straight line and is speci- 
field as a % of peak-to-peak output voltage span; e.g., nonlinear- 
ity of models 2 90 A and 2 92 A operating at an output span of 
lOV pk-pk (±5V) is ±0.1% or ±10mV. Figure 8 illustrates gain 
nonhnearity for any output span to 20V pk-pk (±10V). 
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OUTPUT VOLTAGE - Volts p-p 

Figure 8. Typical Gain Nonlinearity vs. Output Voltage 

Input Voltage Noise: Voltage noise, referred to input, is de- 
pendent on gain and bandwidth as illustrated in Figure 9. 
RMS voltage noise is shown in a bandwidth from 0.01 Hz to 
the frequency shown on the horizontal axis. The noise in a 
bandwidth from O.OlHz to lOHz is IjuV pk-pk at a gain of 
lOOV/V. This value is derived by multiplying the rms value at 
f = lOHz shown in Figure 9 by 6.6. 

For best noise performance in particular applications, a low 
pass filter at the output should be used to selectively roll-off 
noise and undesired signal frequencies beyond the bandwidth 
of interest. Increasing gain will also reduce the input noise. 



1 




1 


n 1 


1 1 










Ix 


s^hrra 










1@, 












— 1 1 






G=1 


^^ 


^'^ 




V 




-^ 








y 


















.^ 














- 


^^ 














G = 


"0^ 


X^ 












^ 






























BANDWIDTH (-3dB) - Hz 



Figure 9. Typical Input Voltage Noise vs. Bandwidth 



The Multichannel Isolation Amplifier 



Input Offset Voltage Drift: Total input drift is composed of 
two sources, input and output stage drifts and is gain depend- 
ent. The curve of Figure 10 illustrates total input drift over 
the gain range of 1 to lOOV/V. 
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Figure 10. Typical Input Offset Voltage Drift vs. Gain 

REFERENCE EXCITATION OSCILLATOR, MODEL 281 

When applying model 292A, the user has the option of building 
a low cost lOOkHz excitation oscillator, as shown in Figure 11, 
or purchasing a module from Analog Devices— model 281. 



HEX SCHMITT TRIGGER 
/ e g , MM74C14N OR F40014PC 




NOTES 

1 FREQ ADJUST ADJUST TRIM POT FOR OUTPUT FREQUENCY OF 100kHz ±5% 

2 FOR SLAVE OPERATION, REMOVE JUMPER FROM SYNC OUT AND SYNC IN PINS 

3 USE CERAMIC CAPACITOR. "COG" OR "NPO" CHARACTERISTIC 

Figure 1 1. 100kHz Oscillator Interconnection Diagram 

The block diagram of model 281 is shown in Figure 12. An 
internal +12V dc regulator is provided to permit the user 
the option of operating over two, pin selectable, power in- 
put ranges; terminal 6 offers a range of + 14V dc to +28 V dc; 
terminal 7 offers an input range of +8V dc to +14V dc. 



+vs /iv_ 








(+8V TO +14V)VZ/^ 










(+14V t8 +28V) W~ 


+12V 
REGULATOR 










Jv_ 








100kHz 


_ 




JL 






■••o-TLrj 


)0 OUTPUT 






"^.-^sr) 


)0 OUTPUT 


X 






COM {J— 




Q 


1 















•LEAVE TERMINAL 6 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7 

Figure 12. Model 281 Block Diagram 

Model 281 oscillator is capable of driving up to 16 model 
292As. As shown in Figure 13, an additional model 281 may be 
driven in a slave-mode to expand the total system channels 
from 16 to 3 2. By adding additional model 281's in this man- 
ner, systems of over 1000 channels may be easily configured. 



TO PINS 9 AND 10 OF ISOLATORS 18 THRU 3: 
TO 281 
SYNCIN 



TO PINS 9 AND 10 OF ISOLATORS 2 THRU 16 




Figure 13. External Oscillator Interconnection 
SPECIFICATIONS 

(typical @ +25° C and Vs = +15V dc unless otherwise noted) 



OUTPUT 




Frequency 


100kHz±5% 


Waveform 


Squarewave 


Voltage (0 and terminals) 


Oto+12Vpk 


Fan-Out^-^ 


16 max 


POWER SUPPLY RANGE^ 




High Input, Pm 6 


+(14 to 28)V dc 


Quiescent Current, N L 


+5mA 


FL 


+16mA 


Low Input, Pin 7 


+(8 to 14)V dc 


Quiescent Current, N L 


+ 12mA 


F L 


+ 33mA 



TEMPERATURE 




Rated Performance 


to +10° C 


Storage 


-55°Cto+85°C 



' Model 292A oscillator drive input represents unity oscillator load. 
^ For applications requiring more than 16 292As, additional 281s may 
be used in a master/slave mode. Refer to Figure 13. 
'Full load consists of 16 model 292As and 281 oscillator slave. 
Specifications subject to change without notice. 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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PIN TERMINAL IDENTIFICATION 

1 POWER COMMON 5 SYNC OUTPUT 

2 f OUTPUT 6 +Vs HIGH RANGE +(14 to 28)V dc 

3 * OUTPUT 7 +Vs: LOW RANGE +(8 to 14)V dc 

4 SYNC INPUT 

MATING SOCKET: 
CINCH #16 DIP OR EQUIVALENT 
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APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 

Remote Sensor Interface: In chemical, nuclear and metal pro- 
cessing industries, models 290A and 292A can be applied to 
measure and control off -ground millivolt signals in the pres- 
ence ±1500V dc CMV signals. In interface applications such 
as pH control systems or on-line process measurement sys- 
tems such as pollution monitoring, models 290A and 292A 
offer complete galvanic isolation to eliminate troublesome 
ground loop problems. Isolated power outputs and adjust- 
able gain add to the application flexibility of these models. 

Figure 14 illustrates how model 290A or 292A can be com- 
bined with a low drift, ljuV/°C front-end amplifier, model 
AD517L, to interface low level transducer signals. Both 
products provide isolated ±13V dc power and front-end 
guard in addition to eliminating ground loops and pre- 
serving high CMR (lOOdB @ 60Hz). 




Figure 14. Input Signal Conditioning Using Isolated Power for 
Transducer Buffer Amplifier 

Instrumentation Amplifier: Models 290A and 292 A provide 
a floating guarded input stage capable of directly accepting 
isolated differential signals. The noninverting, single-ended 
input stage offers simple two wire interconnection with 
floating input signals; 

In applications where the isolated power is applied to trans- 
ducers such as bridges which generate differential input signals 
with common mode voltages measured with respect to the iso- 
lated power common, models 290A and 292A can be con- 
nected as shown in Figure 15. To achieve high CMR with 
respect to the ISO PWR COM, the following trim procedure 
is recommended. 

CMR Trim Procedure 

1) Connect a IV pk-pk oscillator between the +IN/-IN and 
IN COM terminals as shown in Figure 15. 

2) Set the input frequency at 0.5Hz and adjust Rl for mini- 
mum Eq. 

3) Set the input frequency at 60Hz and adjust R2 for mini- 
mum Eq. 

4) Repeat steps 2 and 3 for best CMR performance. 




Isolated Temperature Measurements: Industrial temperature 
measurements are often performed in harsh environments 
where line voltages or transients can sometimes be impressed 
on the temperature sensor. To provide protection for the deli- 
cate recording instrumentation, models 290A and 292A can be 
applied as shown in Figure 16. The Analog Devices' AC2626 
probe is a temperature sensor whose output is a current di- 
rectly proportional to absolute temperature. The isolation 
amplifier provides the isolated power (+13 V dc) as well as the 
input/output isolation. Zero calibration is performed by 
placing the AC2626 probe in a zero temperature bath and 
adjusting Rq for Eq to volts. Full scale output adjustment 
is performed by placing the AC2626 probe in boiling water 
(100°C) and adjusting Rg for l.OOOV output. 




Figure 16. Isolated Temperature Measurements 

Current Loop Receiver: Model 290A and 292A can be applied 
to measurement of analog quantities transmitted via 4-20mA 
current loops over substantial distances through harsh environ- 
ments. Figure 17 shows an application of model 290A or 292 A 
as a current loop receiver. A 25^ resistor converts the 4-2 0mA 
current input from a remote loop to a 100— 500mV differen- 
tial voltage input, which the isolator amplifies, isolates, and 
translates to a to +5 V output level at local system ground. 

Among the most-helpful characteristics of the isolator in this 
kind of measurement are the high common-mode rejection 
(lOOdB minimum at 60Hz with lkl2 source unbalance) and 
the high common-mode rating (±1500 volts dc). The former 
means low noise pickup; the latter means excellent isolation 
and protection against large transients. The high common- 
mode rejection, permitting relatively low input voltage to be 
used (0.4V span, in this case), permits the use of a low current- 
metering resistance, which in turn results in low compliance- 
voltage loading on the current loop, and therefore permits in- 
sertion into existing loops without encountering overrange 
problems. The gain of 12.5 provides a substantial output 
span, and the floating output permits biasing to a to 5V 
range. 



25n 

MEASURING 
RESISTOR 



ZERO ADJUST 
ADJUST FOR 
Eq = OV WHEN 
l=4mA 




Figure 17. Isolated Analog Interface; 4 to 20mA is Converted 
to to +5V at tfie Output, witfj Up to ± 1500V of Isolation 



Figure 15. Application of 290A as Instrumentation Amplifier 
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Analog Multipliers/Dividers 
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Selection Guide 

Analog Multipllers/Divlciers 





Model 


SmaU Signal 

Bandwidth 

MHz 


Full-Scale 
Accuracy 

% 


X Y 

Nonlinearity Nonlinearity 
%ofFS %ofFS 


Full-Scale 
Output 


Page 


Notes 


AD532 
AD534 
AD538 


1 
1 
0.4 


1 

0.25 

0.5 


0.5 
0.12 


0.2 
0.01 


lOV 
lOV 
lOV 


6-7 

6-13 

6-23 


4-quadrant multiplication 
4-quadrant multiplication 
Multiplication, division, powers, roots 


AD539 
AD632 
AD834 


30 

1 

500 


1 

0.5 

0.5 


0.08 


0.01 


ImA 
lOV 
4niA 


6-31 
6-39 
6-43 


2-quadrant multiplication/division 
High frequency 4-quadrant multiplier 
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Orientation 

Analog Multipliers/Dividers 



The devices catalogued in this section are high-performance ICs 
that accept analog voltages and multiply, divide, square and/or 
square-root them, depending on device properties and connections. 
Other multiplying devices available from Analog Devices include 
digital multipliers (in DSP Products Databook) and multiplying 
D/A converters {Data Conversion Products Databook). 

Multiplication: For two inputs, Vx and Vy, a multiplier will 
provide the output, Eout = VxVy/Eref, where Eref is a dimensional 
constant, usually of lOV nominal value. If Eref= lOV, Eout= lOV 
when Vx and Vy are lOV. Multipliers are used for modulation 
and demodulation, fixed and variable remote gain adjustment, 
power measurement and mathematical operations in analog 
computing, curve fitting and linearizing. 

If the inputs may be of either positive or negative polarity and 
the output polarity is in a correct relationship for multiplication, 
the device is called a "four-quadrant" multipHer, reflecting the 
four quadrants of the X-Y plane. 

Squaring: If Vx = Vy = Vi„, a multiplier's output will be Vin^/Eref . 
A four-quadrant multiplier, used as a squarer, will have an out- 
put that is positive whether Vm is positive or negative. Squarers 
are useful in frequency doubhng, power measurement of constant 
loads and mathematical operations. 

Division: For a numerator input, Vz, and a denominator input, 
Vx, an analog divider will provide the output, Eout = Eref(V2A^x). 
If Eref = lOV, Eout will be lOV or less for V^ ^ Vx- Vx is of a 
single polarity and will not provide meaningful results if it 
approaches zero too closely. If Vz may be of either positive or 
negative polarity, the device is described as a "two-quadrant" 
divider, and the output will reflect the polarity of Vz. Analog 
dividers are used to compute ratios - such as efficiency, attenuation, 
or gain; they are also used for fixed and variable remote gain 
adjustment, ratiometric measurements and for mathematical 
operations in analog computing. 

Square Rooting: For a numerator input, Vin, and a denominator 
input, Eo (the output fed back to the denominator inp ut), the 
output of a divider is Eq = E^ef (VJEq); hence Eq = VErefVin. 
A square rooter works in one quadrant; some devices require 
external diode circuitry to prevent latchup if the input polarity 
changes, even momentarily. Square roots are used in vector and 
rms computation, to linearize flowmeters, and for mathematical 
operations in analog computing. 

CHOOSING A MULTIPLIER, DIVIDER, ETC. 

A number of devices are listed here, differing in internal ar- 
architecture, external functional configuration and performance 
specifications. Most have essentially fixed references; the AD538 
is a multifunction device that performs the one-quadrant operation, 
Eo = Vz/(VyA^x)™> where m is an exponent adjustable from 1/5 
to 5. 

Considerable information on these functions, the nature of devices 
to perform them and extensive discussions of their applications 
can be foimd in the Nonlinear Circuits Handbook.^ A wealth of 
information is also to be found in the data sheets for the individual 



^Nonlinear Circuits Handbooky D.H. Sheingold, ed., 1976, 536pp., $5.95, 
Analog Devices, Inc., P.O. Box 796, Norwood, MA 02062 



devices published in this section. In addition to the products 
listed here, a number of popular earlier products are still available; 
data sheets are available upon request. 

Internal Architecture: All of the devices in this section rely on the 
logarithmic properties of silicon P-N junctions. An example of 
the translinear principle that they embrace can be seen in the 
circuitry of a "Gilbert cell," employed in various forms for 
analog multiplication. Its four-quadrant multiplying circuitry 
and performance are described in (1), with further references to 
the original sources. The input voltages are converted to currents; 
the currents are multiplied together and divided by a reference, 
and the net output current, Ixly/Irefj is converted to voltage by 
feedback around the output amphfier. The feedback terminals 
are available as inputs for applications involving division. 
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Basic Four-Quadrant Variable-Transconductance Multiplier 
Circuit 




AD538 Functional Block Diagram 

In multifunction devices like the AD538, the feedback currents 
of the Vz and Vx input op amps are used to develop logarithmic 
voltages across transistor base-emitter junctions; these voltages 
are differenced to provide the logarithm of the ratio, VzA^x- 
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At the user's choice, this log ratio is either amplified (m>l), 
attenuated (m< 1) or unchanged (m = 1), then applied to a product- 
antilog circuit which adds the logarithm of Vy, then takes the 
antilogarithm to produce the output equation, 



I M = 



VoUT = V,{^} 



Wideband Multipliers have bandwidths greatly exceeding IMHz. 
The output is generally in the form of current, for maximum 
bandwidth (current-to-voltage conversion tends to reduce 
bandwidth and is unnecessary in many applications). The user 
can choose an appropriate external ampUfier - or other circuitry 
- to meet the needs of the application. The AD539 is a dual 
multiplier/divider with two independent two-quadrant signal 
channels (inputs Yl and Y2) and a common X-input, which 
provides linear control of gain for both channels. Signal bandwidth 
is 30MHz and control bandwidth is 5MHz. The AD834 is a 
four-quadrant multiplier with 500MHz large-signal bandwidth 
and 0.5% static-accuracy specifications. It has differential X and 
Y inputs and differential open-collector current output. For 
1-volt inputs, its differential output current is ±4mA. 

External Functional Configuration: Most of the devices listed 
here can be used for multiplication, division, squaring and/or 
square-rooting (MDSSR), by the appropriate connection of 
external jumpers. Performance of pretrimmed devices is optimized 
in specified modes of operation. The data sheets show how 
devices are connected for the various modes of operation; where 
appropriate, the suggested trim circuits and procedures for 
optimizing performance are provided. 

Technologies: The devices described in these two volumes are 
monolithic integrated circuits. For any application, the user will 
evaluate a device on the basis of its performance in the desired 
mode(s). The pretrimmed ICs use laser trimming of thin-film-on- 
silicon chips at the wafer stage and buried-Zener reference cir- 
cuitry, as well as thermally balanced input stages and "core" 
circuitry, for overall maximum errors as low as 0.25%, and high 
linearities. 

Performance: Multiplier performance, specifications and test 
circuitry are described in great detail in the Nonlinear Circuits 
Handbook. Here is a brief digest of the factors relating to low- 
frequency performance. 

An ideal multiplier has an output which is the product of two 
input variables, X and Y, divided by the lOV scahng voltage. 
However, the practical multiplier is subject to various offset 
errors and nonUnearities which must be accoimted for in its 
application. This discussion is intended to assist the designer in 
understanding and interpreting multiplier and divider specifica- 
tions and obtaining insight into device performance. 

In practical (see the simplified single-ended multipUer in the 
figure), a multiplier may be considered as having two parts, one 
(M) contains the input circuitry and the multiplying cell; the 
other is a gain-conditioning op amp, A. 

Also summed at the op-amp input is the feedback variable, Z. 
In multiplication, Z is connected to the output circuit. In division, 
Z and X are the inputs, and Y is connected to the output. The 
figure shows a model with 10-volt scale factor used for considering 
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Functional Block Diagram of Typical Multiplier/Divider 

errors. Xo and Yo are input offset voltages, Zq is the offset-referred- 
to-the-input of the output ampUfier, and f(X', Y') is the non- 
linearity, viewed as the departure from the ideal multiplication, 
YO^. The output equation, including the errors is of the form 



Eo = 



XY 

10B~ 
Product 



~ L 101 



XoY 
lOB 

■^offset 



XY„ 
lOB 

^offset 



f(X,Y)] 



Output Nonlinearity 
offset and 

Linear Feedthrough Feedihrough 



"Y" 



The errors are included in the bracketed term, except for gain 
error, which is the departure of "B", the gain-error term, from 
its nominal value of unity. The effects of input offsets (called 
"linear feedthrough") can be set to zero by adding external 
input biases, the output offset can be set to zero by biasing the 
output amplifier, and the gain can be externally calibrated by 
adjusting the reference or the feedback resistance. The remaining 
departure from the ideal output for any combination of input 
values is the irreducible linearity error, or nonlinearity, a function 
of X and Y that differs from device to device and, with temperature, 
within a given device. The component of nonlinearity for X = 
is called "Y feedthrough" and for Y = 0, it is called "X feed- 
through". 

The "total error" specification includes the effects of all these 
errors. Although a guide to performance, it may produce an 
excessively conservative design in some applications. For example, 
output offset is not important if the output is to be capacitively 
coupled or the initial offset is nulled. Gain error is not important 
if system gain is to be adjusted elsewhere in the system or if 
gain is not a critical factor in system performance. If frequent 
calibration of offset and scale-factor errors is available (e.g., in a 
"smart" instrument, via software) nonlinearity becomes the 
limiting parameter. In such cases, improvements in predicted 
error can be achieved by using the approximate linearity 
equation: 

f(X,Y) ^ |Vj€, + |Vy|€y 

where e^ and €y are the specified fractional Unearity errors (%/100) 
and Vx and Vy are the input signals. 
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When multipliers are fed back for use in division applications, it 
is important to recognize that maximum multiplication errors 
are increased approximately in proportion to the inverse of the 
denominator voltage (IOVA^x)j and bandwidth is decreased in 
proportion to denominator voltage. Pretrimmed multipliers used 
in such applications, with wide dynamic range of X (i.e., >10:1), 
will always benefit greatly by the trimming of offsets, especially 
Zo (affects offsets) and Xq (affects gain), for small values of X. 

DEFINITIONS OF SPECIFICATIONS* 

Accuracy is defined in terms of total error of the multiplier at 
room temperature and constant nominal supply voltage. Total 
error includes the sum of the effects of input and output dc 
offsets, nonlinearity, and feedthrough. Temperature dependence 
and supply-voltage effects are specified separately. 

Scale Factor: The scale-factor error (or gain error) is the difference 
between the average scale factor and the ideal scale factor (e.g., 
(10V)~^). It is expressed in percent of the output signal. Tem- 
perature dependence is specified. 

Output Offset refers to the offset voltage at the output-amplifier 
stage. This offset is usually minimized at manufacture and can 
be trimmed where high accuracy is desired. Output offset vs. 
temperature is also specified. 

Linearity Error or Nonlinearity is the maximum difference between 
actual and "best-straight-line" theoretical output, for all pairs of 
input values, expressed as a percentage of full scale, with all 
other dc errors nulled. It is the irreducible minimum error. It is 
usually expressed in terms of X and Y nonlinearity, with the 
named input swinging over its full-scale range and the other 
input at ( ± ) lOV. Y nonlinearity is considerably less than X 
nonlinearity in simple "Gilbert-cell" multipliers. This specification 
includes nonlinear feedthrough. 

XorY Feedthrough is the signal at the output for any value of X 
or Y input in the rated range, when the other input is zero. It 
has two components, a linear one, corresponding to an input 
offset at the zero input, which can be trimmed out (but can drift 



and has a temperature specification) , and a nonlinear one, which 
is irreducible. Feedthrough is usually specified at one frequency 
(50Hz) for a 20V p-p sine wave input. It increases with frequency, 
and plots of typical feedthrough vs. frequency are provided on 
multiplier data sheets. 

Noise is specified and measured with both inputs at zero signal 
and zero impedance (i.e., shorted). For low-frequency applica- 
tions, filtering the output of the mulitplier may improve small- 
signal resolution significantly. 

Dynamic Parameters include: small-signal bandwidth, full-power 
response f slew(ing) rate, small-signal amplitude error and settling 
time. 

Small-Signal Bandwidth is the frequency at which the output is 
down 3dB from its low-frequency value (i.e., by about 30%) for 
a nominal output amplitude of 10% of full scale. 

Full-Power Response is the maximum frequency at which the 
multiplier can produce the full-scale voltage into its rated load 
without noticeable distortion. 

Slew(ing) Rate (V/|xs) is the maximum rate of change of output 
voltage for the product of a full-scale dc voltage and a full-scale 
step input. 

Small-Signal Amplitude Error is defined in relation to the frequency 
at which the amplitude response, or scale-factor, is in error by 
1%, measured with a small (10% of full-scale) signal. 

Settling Time, for the product of a ± lOV step and lOV dc, is 
the total length of time the output takes to respond to an input 
change and stay within some specified error band of its final 
value. Settling time cannot be accurately predicted from any 
other dynamic specifications; it is specified in terms of a prescribed 
measurement. 

Vector Error is the most sensitive measure of dynamic error. It is 
usually specified in terms of the frequency at which a phase 
error of 0.01 radians (0.57°) occurs. 
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*These are general deflnitions. Further definitions are provided as 
footnotes to the Specifications tables; they should be read carefully. 
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ANALOG 
DEVICES 



Internally Trimmed 
Integrated Circuit Multiplier 



ADS32 



FEATURES 

Pretrimmed To ±1.0% (AD532K) 
No External Components Required 
Guaranteed ±1.0% max 4-Quadrant 

Error (AD532K) 
Diff Inputs For (X1-X2) <Yi-Y2)/10V 

Transfer Function 
Monolithic Construction, Low Cost 

APPLICATIONS 

Multiplication, Division, Squaring, 

Square Rooting 
Algebraic Computation 
Power Measurements 
Instrumentation Applications 
Available in Chip Form 

PRODUCT DESCRIPTION 

The ADS 32 is the first pretrimmed single chip monolithic 
multiplier/divider. It guarantees a maximum multiplying 
error of ±1.0% and a ±10V output voltage without the need 
for any external trimming resistors or output op amp. Because 
the ADS 32 is internally trimmed, its simplicity of use provides 
design engineers with an attractive alternative to modular 
multipliers, and its monolithic construction provides 
significant advantages in size, reliability and economy. Further, 
the ADS 32 can be used as a direct replacement for other IC 
multipliers that require external trim networks (such as the 
ADS 30). 

FLEXIBILITY OF OPERATION 

The ADS 32 multiplies in four quadrants with a transfer 
function of (Xi-X2)(Yi-Y2)/10V, divides in two quadrants 
with a 10VZ/(Xi— X2) transfer function, an d squar e roots in 
one quadrant with a transfer function of ± >/lOVZ. In addi- 
tion to these basic functions, the differential X and Y inputs 
provide significant operating flexibility both for algebraic 
computation and transducer instrumentation applications. 
Transfer functions, such as XY/lOV, (X2-y2)/10V,±x2/ 
lOV, and 10VZ/(Xi-X2) are easily attained, and are ex- 
tremely useful in many modulation and function generation 
applications, as well as in trigonometric calculations for 
airborne navigation and guidance applications, where the 
monolithic construction and small size of the ADS 32 offer 
considerable system advantages. In addition, the high CMRR 
(7SdB) of the differential inputs makes the ADS 32 especially 
well qualified for instrumentation applications, as it can 
provide an output signal that is the product of two transducer- 
generated input signals. 
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GUARANTEED PERFORMANCE OVER TEMPERATURE 

The ADS32J and ADS32K are specified for maximum multi- 
plying errors of ±2% and ±1% of full scale, respectively at 
+2S°C, and are rated for operation from to +70''C. The 
ADS 328 has a maximum multiplying error of ±1% of full 
scale at +25°C; it is also 100% tested to guarantee a maximum 
error of ±4% at the extended operating temperature limits of 
-SS°C and +12S°C. All devices are available in either the 
hermetically-sealed TO-lOO metal can or TO-116 ceramic DIP. 

ADVANTAGES OF ON-THE-CHIP TRI2V1MING 
OF THE MONOLITHIC ADS 3 2 

1. True ratiometric trim for improved power supply 
rejection. 

2. Reduced power requirements since no networks 
across suppHes are required . 

3. More reliable since standard monolithic assembly 
techniques can be used rather than more complex 
hybrid approaches. 

4. High impedance X and Y inputs with negligible 
circuit loading. 

5. Differential X and Y inputs for noise rejection and 
additional computational flexibility. 
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► (@ +2511, Vs= ±15Y, R>2kll Yos grounded) 








Model 


AD532J 


AD532K 


AD532S 








Min Typ Max 


Min Typ Max 


Min Typ 


Max 


Units 


MULTIPLIER PERFORMANCE 












Transfer Function 


(Xi-X2)(Y,-Y2) 
lOV 


(X,-X2)(Y,-Y2) 
lOV 


(X,-X2)(Y,- 
lOV 


^ 




Total Error ( - 10V<X, Y< + lOV) 


±1.5 ±2.0 


±0.7 ±1.0 


±0.5 


±1.0 


% 


Ta = min to max 


±2.5 


±1.5 




±4.0 


% 


Total Error vs Temperature 


±0.04 


±0.03 


±0.01 


±0.04 


%/°C 


Supply Rejection (± 15V ± 10%) 


±0.05 


±0.05 


±0.05 




%/% 


Nonlinearity, X (X = 20V pk-pk, Y = lOV) 


±0.8 


±0.5 


±0.5 




% 


Nonlmearity, Y (Y = 20V pk-pk, X = lOV) 


±0.3 


±0.2 


±0.2 




% 


Feedthrough,X(Y Nulled, 












X- 20V pk-pk 50Hz) 


50 200 


30 100 


30 


100 


mV 


Feedthrough,Y(X Nulled, 












Y = 20V pk-pk 50Hz) 


30 150 


25 80 


25 


80 


mV 


Feedthrough vs. Temp. 


2.0 


1.0 


1.0 




mVp-p/°C 


Feedthrough vs. Power Supply 


±0.25 


±0.25 


±0.25 




mV/% 


DYNAMICS 












Small Signal BW (Vqut = 1 rms) 


1 


1 


1 




MHz 


1% Amplitude Error 


75 


75 


75 




kHz 


Slew Rate (Vqut 20 pk-pk) 


45 


45 


45 




V/fis 


Setdmg Tune (to 2%, AVqut = 20V) 


1 


1 


1 




M-s 


NOISE 












Wideband Noise f = 5Hz to lOkHz 


0.6 


0.6 


0.6 




mV (rms) 


f=5Hzto5MHz 


3.0 


3.0 


3.0 




mV (rms) 


OUTPUT 












Output Voltage Swing 


±10 ±13 


±10 ±13 


±10 ±13 




V 


Output Impedance (f< IkHz) 


1 


1 


1 




ft 


Output Offset Voltage 


±40 


±30 




±30 


mV 


Output Offset Voltage vs Temp. 


0.7 


0.7 




2.0 


mV/°C 


Output Offset Voltage vs. Supply 


±2.5 


±2.5 


±2.5 




mV/% 


INPUT AMPLIFIERS (X, Y and Z) 












Signal Voltage Range (Diff . or CM 












OperatmgDiff) 


±10 


±10 


±10 




V 


CMRR 


40 


50 


50 




dB 


Input Bias Current 












X,Y Inputs 


3 


1.5 4 


1.5 


4 


(jlA 


X,Y Inputs T™„ to T„ax 


10 


8 


8 




jjlA 


Z Input 


±10 


±5 ±15 


±5 


±15 


tJiA 


Z Input Tm,„ to Tmax 


±30 


±25 


±25 




i,A 


Offset Current 


±0.3 


±0.1 


±0.1 




M.A 


Differential Resistance 


10 


10 


10 




Mft 


DIVIDER PERFORMANCE 












Transfer Function (X i >X2) 


10VZ/(X,-X2) 


10VZ/(X,-X2) 


10VZ/(Xj-X2) 




Total Error 












(Vx= - lOV, - lOVsVz^ + lOV) 


±2 


±1 


±1 




% 


(Vx = - IV, - 10V<Vz^ + lOV) 


±4 


±3 


±3 




% 


SQUARE PERFORMANCE 
Transfer Function 


(X,-X2)2 
lOV 


(X,-X2)2 
lOV 


(X,-X2)2 

lOV 






Total Error 


±0.8 


±0.4 


±0.4 




% 


SQUARE-ROOTER PERFORMANCE 












Transfer Function 


- Viovz 


-Viovz 


-Viovz 




Total Error (OV<Vz^lOV) 


±1.5 


±1.0 


±1.0 




% 


POWER SUPPLY SPECIFICATIONS 












Supply Voltage 












Rated Performance 


±15 


±15 


±15 




V 


Operating 


±10 ±18 


±10 ±18 


±10 


±22 


V 


Supply Current 












Quiescent 


4 6 


4 6 


4 


6 


mA 


PACKAGE OPTIONS^ 












TO-116(D-14) 


AD532JD 


AD532KD 


AD532SD 






TO-lOOCH-lOA) 


AD532JH 


AD532KH 


AD532SH 







NOTE 

'See Section 16 for package outline information. 

Specifications sub)ect to change without notice. 

Specifications shown in boldface are tested on all production units at final electr- 
ical test. Results from those tests are used to calculate outgoing quality levels. 



All min and max specifications are guaranteed, although only those shown 
in boldface are tested on all production units. 
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FUNCTIONAL DESCRIPTION 

The functional block diagram for the ADS 3 2 is shown in 
Figure 1, and the complete schematic in Figure 2. In the 
multiplying and squaring modes, Z is connected to the output 
to close the feedback around the output op amp. (In the 
divide mode, it is used as an input terminal.) 

The X and Y inputs are fed to high impedance differential 
amplifiers featuring low distortion and good common mode 
rejection. The amplifier voltage offsets are actively laser 
trimmed to zero during production. The product of the two 
inputs is resolved in the multiplier cell using Gilbert's 
linearized transconductance technique. The cell is laser 
trimmed to obtain Vout = (Xi-X2)(Yi-Y2)/10 volts. 
The built-in op amp is used to obtain low output impedance 
and make possible self-contained operation. The residual 
output voltage offset can be zeroed at Vqs in critical applica- 
tions .... otherwise the Vqs pin should be grounded. 




(Xi - Xz) (Yi - Yz) 
10V 

(WITH Z TIED TO OUTPUT) 



Figure 1. Functional B/oc/c Diagram 




Figure 2. AD532 Scliematic Diagram 



ORDERING GUIDE 



Model 

AD532JH 
AD532JD 
AD532KH 
AD532KD 



Max Mult Error Temperature Range 



±2.0% 
±2.0% 
±1.0% 
±1.0% 



to +70 C 
to +70°C 
to +70°C 
to +70°C 



Model 


Max Mult Error 


Temperature Range 


AD532SH 


±1.0% 


-55°Cto+125°C 


AD532SD 


±1.0% 


-55°Cto+125°C 


AD532SH/883B 


±1.0% 


-55°Cto+125°C 


AD532SD/883B 


±1.0% 


-55°Cto+125°C 



CHIP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 
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ADS 3 2 PERFORMANCE CHARACTERISTICS 

Multiplication accuracy is defined in terms of total error at 
+25°C with the rated power supply. The value specified is in 
percent of full scale and includes Xjn and Yjn nonlinearities, 
feedback and scale factor error. To this must be added such 
application-dependent error terms as power supply rejection, 
common mode rejection and temperature coefficients 
(although worst case error over temperature is specified for 
the ADS 328). Total expected error is the rms sum of the 
individual components, since they are uncorrelated. 

Accuracy in the divide mode is only a little more complex. To 
achieve division, the multiplier cell must be connected in the 
feedback of the output op amp as shown in Figure 13. In this 
configuration, the multiplier cell varies the closed loop gain of 
the op amp in an inverse relationship to the denominator 
voltage. Thus, as the denominator is reduced, output offset, 
bandwidth and other multiplier cell errors are adversely af- 
fected. The divide error and drift are then em • lOV/Xj — X2) 
where em represents multiplier full scale error and drift, and 
(Xj— X2) is the absolute value of the denominator. 

NONLINEARITY 

Nonlinearity is easily measured in percent harmonic distortion. 
The curves of Figures 3 and 4 characterize output distortion as 
a function of input signal level and frequency respectively, 
with one input held at plus or minus lOV dc. In Figure 4 the 
sine wave amplitude is 20V(p-p). 
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AC FEEDTHROUGH 

AC Feedthrough is a measure of the multiplier's zero 
suppression. With one input at zero, the multiplier output 
should be zero regardless of the signal applied to the other 
input. Feedthrough as a function of frequency for the 
ADS 32 is shown in Figure S. It is measured for the condition 
Vx = 0, Vy = 20V(p-p) and Vy = 0, Vx = 20V(p-p) over the 
given frequency range. It consists primarily of the second 
harmonic and is measured in millivolts peak-to-peak. 



woo 



















-bs 






















x^ 
















^ 


r FEEDTHRui/f] I 




> 100 
















/ 






E 























3 












.— — 










1 


— 














^^ 


/ 




ff 

















Yirri 111 




























































































10k 100k 

FREQUENCY - Hz 



Figure 5. Feedthrough vs. Frequency 

COMMON MODE REJECTION 

The ADS 32 features differential X and Y inputs to enhance 

its flexibility as a computational multiplier/divider. Common 

mode rejection for both inputs as a function of frequency is 

shown in Figure 6. It is measured with Xj = X2 = 20V(p-p), 

( Yi -Y2) = ± lOV dc and Yi = Y2 = 20V(p-p), (Xi -X2) = 

±10Vdc. 
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Figure 6. CMRR vs. Frequency 



Figures. Percent Distortion vs. Input Signal 
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Figure 4. Percent Distortion vs. Frequency 
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Figure 7. Frequency Response, Multiplying 
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Applying the AD532 



DYNAMIC CHARACTERISTICS 

The closed loop frequency response of the ADS 32 in the 
multiplier mode typically exhibits a 3dB bandwidth of 
IMHz and rolls off at 6dB/octave thereafter. Response 
through all inputs is essentially the same as shown in 
Figure 7. In the divide mode, the closed loop frequency 
response is a function of the absolute value of the 
denominator voltage as shown in Figure 8. 

Stable operation is maintained with capacitive loads to 
lOOOpF in all modes, except the square root for which 
50pF is a safe upper limit. Higher capacitive loads can be 
driven if a 10012 resistor is connected in series with the 
output for isolation. 
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Figure 8. Frequency Response, Dividing 

POWER SUPPLY CONSIDERATIONS 
Although the ADS 3 2 is tested and specified with ±15V dc 
supplies, it may be operated at any supply voltage from 
±10V to ±18V for the J and K versions and ±10V to ±22V 
for the S version. The input and output signals must be 
reduced proportionately to prevent saturation, however, 
with supply voltages below ±15V, as shown in Figure 9. 
Since power supply sensitivity is not dependent on external 
null networks as in the ADS 30 and other conventionally 
nulled multipliers, the power supply rejection ratios are 
improved from 3 to 40 times in the ADS 32. 
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Figure 9. Signal Swing vs. Supply 

NOISE CHARACTERISTICS 

All ADS 3 2s are screened on a sampling basis to assure that 
output noise will have no appreciable effect on accuracy. 
Typical spot noise vs. frequency is shown in Figure 10. 
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Figure 10. Spot Noise vs. Frequency 

APPLICATIONS CONSIDERATIONS 

The performance and ease of use of the ADS 32 is achieved 
through the laser trimming of thin film resistors deposited 
directly on the monolithic chip. This trimming-on-the-chip 
technique provides a number of significant advantages in 
terms of cost, reliability and flexibility over conventional 
in-package trimming of off-the-chip resistors mounted or 
deposited on a hybrid substrate. 

First and foremost, trimming on the chip eliminates the 
need for a hybrid substrate and the additional bonding wires 
that are required between the resistors and the multiplier 
chip. By trimming more appropriate resistors on the ADS 32 
chip itself, the second input terminals that were once 
committed to external trimming networks (e.g., ADS 30) have 
been freed to allow fully differential operation at both the X 
and Y inputs. Further, the requirement for an input 
attenuator to adjust the gain at the Y input has been 
eliminated, letting the user take full advantage of the high 
input impedance properties of the input differential amplifiers. 
Thus, the ADS 32 offers greater flexibility for both algebraic 
computation and transducer instrumentation applications. 

Finally, provision for fine trimming the output voltage offset 
has been included. This connection is optional, however, as 
the ADS 32 has been factory-trimmed for total performance 
as described in the listed specifications. 

REPLACING OTHER IC MULTIPLIERS 
Existing designs using IC multipliers that require external 
trimming networks (such as the ADS 30) can be simplified 
using the pin-for-pin replaceability of the ADS 32 by merely 
grounding the X2, Y2 and Vqs terminals. (The Vqs terminal 
should always be grounded when unused.) 

APPLICATIONS 

MULTIPLICATION 




+Vs -Vs 

Figure 11. Multiplier Connection 
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For operation as a multiplier, the ADS 32 should be connected 
as shown in Figure 11. The inputs can be fed differentially to 
the X and Y inputs, or single-ended by simply grounding the 
unused input. Connect the inputs according to the desired 
polarity in the output. The Z terminal is tied to the output 
to close the feedback loop around the op amp (see Figure 1). 
The offset adjust Vqs is optional and is adjusted when both 
inputs are zero volts to obtain zero out, or to buck out other 
system offsets. 

SQUARE 



SQUARE ROOT 



AD532 VouT, 



+ Vs Vos -Vs 







6 
+Vs 



Figure 12. Squarer Connection 

The squaring circuit in Figure 12 is a simple variation of the 
multiplier. The differential input capabiHty of the AD 5 32 can 
be used, however, to obtain a positive or negative output 
response to the input.... a useful feature for control 
applications, as it might eliminate the need for an additional 
inverter somewhere else. 



DIVISION 



1 VoUT 



1 



47k 



( 'WV— <' 

20k 

(Xo) O 
Vs -Vs 



Figure 13. Divider Connection 




The ADS 32 can be configured as a two-quadrant divider by 
connecting the multiplier cell in the feedback loop of the 
op amp and using the Z terminal as a signal input, as shown 
in Figure 13. It should be noted, however, that the output 
error is given approximately by 10Venj/(Xi— X2), where Cm 
is the total error specification for the multiply mode; and 
bandwidth by /„! • (Xi-X2)/10V, where /^ is the band- 
width of the multiplier. Further, to avoid positive feedback, 
the X input is restricted to negative values. Thus for single- 
ended negative inputs (OV to -lOV), connect the input to X 
and the offset null to X2 ; for single-ended positive inputs 
(OV to +10V), connect the input to X2 and the offset null 
to Xi. For optimum performance, gain (S.F.) and offset (Xq) 
adjustments are recommended as shown and explained in 
Table I. 

For practical reasons, the useful range in denominator input 
is approximately SOOmV < | (X1-X2) K lOV. The voltage 
offset adjust (Vqs), if used, is trimmed with Z at zero and 
(X1-X2) at full scale. 



f 



20k 

6 (Xo) <> 

+Vs -Vs 




VouT = -/iovz 



(SF) 



Figure 14. Square Rooter Connection 

The connections for square root mode are shown in 
Figure 14. Similar to the divide mode, the multipHer cell is 
connected in the feedback of the op amp by connecting the 
output back to both the X and Y inputs. The diode D^ is 
connected as shown to prevent latch-up as Zj^ approaches 
volts. In this case, the Vqs adjustment is made with 
Zjn = +0.1 V dc, adjusting Vqs to obtain -l.OV dc in the 
output, Vout = — V lOVZ. For optimum performance, gain 
(S.F.) and offset (Xq) adjustments are recommended as 
shown and explained in Table I. 

DIFFERENCE OF SQUARES 




Figure 15. Differential of Squares Connection 

The differential input capability of the ADS 3 2 allows for the 
algebraic solution of several interesting functions, such as 
the difference of squares, X^— Y^/IOV. As shown in Figure IS, 
the ADS 32 is configured in the square mode, with a simple 
unity gain inverter connected between one of the signal 
inputs (Y) and one of the inverting input terminals (—Yin) 
of the multiplier. The inverter should use precision (0.1%) 
resistors or be otherwise trimmed for unity gain for best 
accuracy. 

TABLE I 
ADJUST PROCEDURE (Divider or Square Rooter) 



DIVIDER 

With: Adjust for: 



Adjust X 

Scale Factor -lOV 
Xo (Offset) -IV 

Repeat if required. 



Z Vout 

+10V ±10V 
+0.1V ±10V 



SQUARE ROOTER 
VWth: Adjust for: 

Vout 
-lOV 
-IV 



+10V 
+0.1V 
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ANALOG 
DEVICES 



Internally Trimmed 
Precision IC Multiplier 




FEATURES 

Pretrimmed to ±0.25% max 4-Quadrant Error (AD534L) 

All Inputs (X, Y and Z) Differential, High Impedance for 

[(Xi-X2)(Yi-Y2)/10V] +Z2 Transfer Function 
Scale-Factor Adjustable to Provide up to X100 Gain 
Low Noise Design: SOjuV rms, lOHz-IOkHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

APPLICATIONS 

High Quality Analog Signal Processing 
Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Wideband, High-Crest rms-to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 
Available in Chip Form 



PRODUCT DESCRIPTION 

The ADS 34 is a monolithic laser trimmed four-quadrant multi- 
plier divider having accuracy specifications previously found 
only in expensive hybrid or modular products. A maximum 
multiplication error of ±0.25% is guaranteed for the AD534L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on-chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditions of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in- 
puts, including the Z-input, a feature which greatly increases 
its flexibility and ease of use. The scale factor is pretrimmed 
to the standard value of lO.OOV; by means of an external resis- 
tor, this can be reduced to values as low as 3V. 

The wide spectrum of applications and the availability of sev- 
eral grades commend this multiplier as the first choice for all 
new designs. The AD534J (±1% max error), AD534K (±0.5% 
max) and AD534L (±0.25% max) are specified for operation 
over the to +70°C temperature range. The AD5 34S (±1% max) 
and AD5 34T (±0,5% max) are specified over the extended 
temperature range, -55°C to +125°C. All grades are available 
in hermetically sealed TO-lOO metal cans and TO-116 ceramic 
DIP packages. 



AD534 FUNCTIONAL BLOCK DIAGRAM 



O +Vs 




O -Vs 



r^^—cH 



HIGH GAIN 

OUTPUT 
AMPLIFIER 



PROVIDES GAIN WITH LOW NOISE 

The AD5 34 is the first general purpose multiplier capable of 
providing gains up to XI 00, frequently eliminating the need 
for separate instrumentation amplifiers to precondition the 
inputs. The AD534 can be very effectively employed as a 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and 
will be found to simplify the implementation of many function- 
fitting algorithms such as those used to generate sine and tan- 
gent. The utility of this feature is enhanced by the inherent low 
noise of the AD534: 90/xV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers. Drift 
and feedthrough are also substantially reduced over earlier 
designs. 

UNPRECEDENTED FLEXIBILITY 

The precise calibration and differential Z-input provide a 
degree of flexibility found in no other currently available mul- . 
tiplier. Standard MDSSR functions (multiplication, division, 
squaring, square-rooting) are easily implemented while the 
restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in- 
to the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesis have been made possible, usually requiring only ex- 
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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orcuinoHiiun 


(Ta=+25°C, ±Vs 


= 15V, R>2kll) 










Model 


AD534J 


ADS34K 




AD534L 








Min Typ Max 


Min Typ 


Max 


Min Typ 


Max 


Units 


MULTIPLIER PERFORMANCE 
















(X,-X2)(Y,-Y2) ^ 


(X,-X2)(Y,- 


^2) , 


(X,-X2)(Y,- 


"^li , 




Transfer Function 


lOV +^2 


lOV 


-^+Z2 


lOV 


— +Z2 




Total Error' ( - 10V<X, Y< + lOV) 


±1.0 




±0.5 




±0.25 


% 


Ta = mm to max 


±1.5 


±1.0 




±0.5 




% 


Total Error vs Temperature 


±0 022 


±0015 




±0.008 




%rc 


Scale Factor Error 














(SF=10.000VNommaI)^ 


±0.25 


±0 1 




±0.1 




% 


Temperature-Coefacient of 














Scahng Voltage 


±0.02 


±0.01 




±0.005 




%/°c 


Supply Rejection ( £ 1 5V ± 1 V) 


±001 


/±0.01 




±0 01 




% 


Nonhnearity, X (X = 20V pk-pk, Y = lOV) 


±0.4 


±0 2 


±0.3 


±0.10 


±0.12 


% 


Nonlinearity, Y (Y = 20V pk-pk, X = lOV) 


±0.2 


±0 1 


±0.1 


±0.005 


±0.1 


% 


Feedthrough^X(Y Nulled, 














X = 20V pk-pk 50Hz) 


±03 


±0.15 


±0.3 


±0.05 


±0.12 


% 


Feedthrough',Y(X Nulled, 














Y = 20V pk-pk 50Hz) 


±0 01 


±0.01 


±0.1 


±0.003 


±0.1 


% 


Output Offset Voltage 


±5 ±30 


±2 


±15 


±2 


±10 


mV 


Output Offset Voltage Drift 


200 


100 




100 




(xVrC 


DYNAMICS 














Small Signal BW, (Vqut = 1 rms) 


1 


1 




1 




MHz 


1% Amplitude Error (Ci.oAD = lOOOpF) 


50 


50 




50 




kHz 


Slew Rate (Volt 20 pk-pk) 


20 


20 




20 




V/(xs 


Settling Time (to 1%, AVqut = 20V) 


2 


2 




2 




M-S 


NOISE 














Noise Spectral-Density SF = lOV 


0.8 


0.8 




0.8 




^V/VHz 


SF = 3V'' 


0.4 


0.4 




0.4 




jaV/VHz 


Wideband Noise f = lOHz to 5MHz 


1 


1 




1 




mV/rms 


f=10HztolOkHz 


90 


90 




90 




nV/rms 


OUTPUT 














Output Voltage Swing 


±11 


±11 




±11 




V 


Output Impedance (f< IkHz) 


01 


1 




0.1 




n 


Output Short Circuit Current 














(RL = 0,TA = mintomax) 


30 


30 




30 




mA 


Amplifier Open Loop Gam (f = 50Hz) 


70 


70 




70 




dB 


INPUT AMPLIFIERS (X, Y and Tf 














Signal Voltage Range (Diff. or CM 


±10 


±10 




±10 




V 


Operatmg Diff ) 


±12 


±12 




±12 




V 


Offset Voltage X,Y 


±5 ±20 


±2 


±10 


±2 


±10 


mV 


Offset Voltage Drift X,Y 


100 


50 




50 




ftV/°C 


Offset Voltage Z 


±5 ±30 


±2 


±15 


±2 


±10 


mV 


Offset Voltage Drift Z 


200 


100 




100 




fiivrc 


CMRR 


60 80 


70 90 




70 90 




dB 


Bias Current 


0.8 2.0 


0.8 


2.0 


08 


2.0 


^tA 


Offset Current 


01 


1 




0.05 


0.2 


^y.k 


Differential Resistance 


10 


10 




10 




Mfi 


DIVIDER PERFORMANCE 


(Z2-Z,) 


(Z2-Z,) 




(Z2-Z,) 






Transfer Function (X j > X2) 


''\l-ii*^' 


^«^x,-x>^' 


^^^X,-X2)-^' 




Total Error' (X - lOV, - 10V<Z< + lOV) 


±0 75 


±0 35 




±0.2 




% 


(X-IV, -1V<Z< + 1V) 


±2.0 


±1.0 




±08 




% 


(O.lVsXslOV, -IOV< 














Z<10V) 


±25 


±1 




±08 




% 


SQUARE PERFORMANCE 


(X,-X2)2 


(X,-X2)2 , 




(X,-X2y ^ 






Transfer Function 


lOV ^^^ 


lov -^2^ 




lOV ^2^ 






Total Error ( - 10V<X<IOV) 


±06 


±0.3 




±0.2 




% 


SQUARE-ROOTER PERFORMANCE 






+ X2 




+ X2 




Transfer Function (ZjSZz) 


VlOV(Z2~Z,) + X2 


VlOV(Z2-Z,) 


VlOV(Z2-Z,) 




Total Error' (IVsZslOV) 


±10 


±0.5 




±0 25 




% 


POWER SUPPLY SPECIFICATIONS 














Supply Voltage 














Rated Performance 


±15 


±15 




±15 




V 


Operating 


±8 ±18 


±8 


±18 


±8 


±18 


V 


Supply Current 














Quiescent 


4 6 


4 


6 


4 


6 


mA 


PACKAGE OPTIONS* 














TO-lOO (H-lOA) 


AD534JH 


AD534KH 




AD534LH 






TO-116 (D-14) 


AD534JD 


AD534KD 




AD534LD 







NOTES 

'Figures given are percent of full scale, ± 10V(i e ,0 01% = ImV). 

^May be reduced down to 3 V using external resistor between - Vs and SF 

'Irreducible component due to nonhnearity excludes effect of offsets 

*Using external resistor adjusted to give SF = 3V. 

'See functional block diagram for definition of sections. 

*See Section 16 for package outline information 

Specifications subject to change without notice 



Specifications shpwn in boldface are tested on ail production units at finaJ electri- 
cal test. Results from those tests are used to calculate outgoing quality levels All 
mm and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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Model 


AD534S 


AD534T 






Min Typ Max 


Min Typ Max 


Units 


MULTIPLIER PERFORMANCE 










(X,-X2)(Y,-Y2) ^ 


(X,-X2)(Y,-Y2) ^ 




Transfer Function 


lOV +^2 


lOV ^z^ 




Total Error' ( - iOV<X, Y< + lOV) 


±1.0 


±0.5 


% 


TA = mintomax 


±2.0 


±1.0 


% 


Total Error vs Temperature 


±0.02 


±0.01 


%/°C 


Scale Factor Error 








(SF=10.000V Nominal)^ 


±0 25 


±0.1 


% 


temperature-Coefficient of 








Scaling Voltage 


±0.02 


±0.005 


%/°C 


Supply Rejection ( ± 15V ± 1 V) 


±0.01 


±0 01 


% 


Nonlinearity, X (X = 20V pk-pk, Y = lOV) 


±0.4 


±0 2 ±0.3 


% 


Nonlmearity, Y (Y = 20V pk-pk, X = lOV) 


±0.2 


±0 1 ±0.1 


% 


Feedthrough^ X (Y Nulled, 








X = 20V pk-pk 50Hz) 


±0.3 


±0 15 ±0.3 


% 


Feedthrough^ Y (X Nulled, 








Y = 20V pk-pk 50Hz) 


±001 


±0 01 ±0.1 


% 


Output Offset Voltage 


±5 ±30 


±2 ±15 


mV 


Output Offset Voltage Drift 


500 


300 


jjlV/°C 


DYNAMICS 








Small Signal BW, (Vqut = 1 rms) 


\ 


1 


MHz 


1% Amplitude Error (Cload = lOOOpF) 


50 


50 


kHz 


Slew Rate (VouT 20 pk-pk) 


20 


20 


V/^LS 


Settling Time (to 1%, AVqut = 20V) 


2 


2 


M-S 


NOISE 








Noise Spectral- Density SF = lOV 


0.8 


08 


jiV/VHz 


SF = 3V^ 


04 


04 


^lV/VHi 


Wideband Noise f = lOHz to 5MHz 


1 


10 


mV/rms 


f=10HztolOkHz 


90 


90 


jiV/rms 


OUTPUT 








Output Voltage Swing 


±11 


±11 


V 


Output Impedance (i^ IkHz) 


0.1 


1 


n 


Output Short Circuit Current 








Rl = 0, Ta = mm to max) 


30 


30 


mA 


Amplifier Open Loop Gam (f = 50Hz) 


70 


70 


dB 


INPUT AMPLIFIERS (X, Y and Z)^ 








Signal Voltage Range (Diff . or CM 


±10 


±10 


V 


OperatmgDilf ) 


±12 


±12 


V 


Offset Voltage X,Y 


±5 ±20 


±2 ±10 


mV 


Offset Voltage Drift X,Y 


100 


150 


jjlV/°C 


Offset Voltage Z 


±5 ±30 


±2 ±15 


mV 


Offset Voltage Drift Z 


500 


300 


^ivrc 


CMRR 


60 80 


70 90 


dB 


Bias Current 


0.8 2.0 


8 2.0 


^.A 


Offset Current 


0.1 


0.1 


M^A 


Differential Resistance 


10 


10 


MO 


DIVIDER PERFORMANCE 










(Zz-Z,) 


(Z2-Z,) 




Transfer Function (Xi>X2) 


'"^x.-x^^' 


^^^X.-X2)^^' 




Total Error' (X = lOV, - 10V<Z< + lOV) 


±0.75 


±0 35 


% 


(X - IV, - lVsZ< ■- IV) 


±2.0 


±1.0 


% 


(0.1V<X<10V, -10V< 








Z<10V) 


±25 


±10 


% 


SQUARE PERFORMANCE 










(X,-X2)2 


(Xi-X2)2 




Transfer Function 


lOV ^^^ 


lOV ^^^ 




Total Error ( - 10V<X^ lOV) 


±0.6 


±0.3 


% 


SQUARE-ROOTER PERFORMANCE 








Transfer Function (Z , < Zj) 


\/lOV(Z2-Z,) + X2 


VlOV(Z2-Zi) + X2 




Total Error' (1V<Z<10V) 


±10 


±05 


% 


POWER SUPPLY SPECIFICATIONS 








Supply Voltage 








Rated Performance 


±15 


±15 


V 


Operatmg 


±8 ±22 


±8 ±22 


V 


Supply Current 








Quiescent 


4 6 


4 6 


mA 


PACKAGE OPTIONS* 








TO- 100 Package (H-lOA) 


AD534SH 


AD534TH 




TO-116Package(D-14) 


AD534SD 


AD534TD 





NOTES 

'Figures given are percent of full scale, ± 10V(i.e.,0 01% = ImV). 

^May be reduced down to 3V usmg external resistor between - Vs and SF. 

^Irreducible component due to nonlmearity: excludes effect of offsets 

"•Usmg external resistor adjusted to give SF = 3V. 

'See functional block diagram for defimtion of sections 

^See Section 16 for package outline information 

Sjjecifications subject to change without notice. 



Specifications shown in boldface are tested on all production units at final electri- 
cal test Results from those tests are used to calculate outgomg quahty levels All 
mm and max specifications are guaranteed, although only those shown m 
boldface are tested on all production units. 
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CHIP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 




THE AD534 IS AVAILABLE IN LASER TRIMMED CHIP FORM, CONSULT THE CATALOG FOR DETAILS 



ABSOLUTE MAXIMUM RATINGS 



AD534J,K, L AD534S,T 



Supply Voltage ±18V 

Internal Power Dissipation SOOmW 

Output Short-Ciicuit to Ground Indefinite 

Input Voltages, Xj X2 Yj Y2 Zi Z2 ±Vs 



±22V 



Rated Operating Temperature Range 

Storage Temperature Range 
Lead Temperature, 60s soldering 


Oto+70C -55 Cto 

+125°C 
-65°Cto+150°C * 
+300°C * 


•Same as AD534J specs. 





OPTIONAL TRIMMING CONFIGURATION 



>•— WSr- 



TO APPROPRIATE 
IKIPUT TERMINAL 



FUNCTIONAL DESCRIPTION 

Figure 1 is a functional block diagram of the ADS 34. Inputs 
are converted to differential currents by three identical voltage- 
to-current converters, each trimmed for zero offset. The prod- 
uct of the X and Y currents is generated by a multiplier cell 
using Gilbert's translinear technique. An on-chip "Buried 
Zener" provides a highly stable reference, which is laser trim- - 
med to provide an overall scale factor of lOV. The differ- 
ence between XY/SF and Z is then applied to the high gain 
output amplifier. This permits various closed loop configura- 
tions and dramatically reduces nonlinearities due to the input 
amplifiers, a dominant source of distortion in earlier designs. 
The effectiveness of the new scheme can be judged from the 
fact that under typical conditions as a multiplier the nonlinear- 
ity on the Y input, with X at full scale (±10V), is ±0.005% of 
F.S.; even at its worst point, which occurs when X = ±6.4V, 
it is typically only ±0.05% of F.S. Nonlinearity for signals 
applied to the X input, on the other hand, is determined al- 
most entirely by the multiplier element and is parabolic in 
form. This error is a major factor in determining the overall 
accuracy of the unit and hence is closely related to the 
device grade. 



STABLE 
REFERENCE 
AND BIAS 



nj>- 



-O +Vs 
-O -Vs 



TRANSLINEAR 

MULTIPLIER 

ELEMENT 



transfer function 

Vo = a[ <Xi-X2)(Vi-V2) .(,,.,^,] 



HIGH GAIN 

OqTPUT 
AMPLIFIER 



Figure 1. AD534 Functional Blocl< Diagram 
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The generalized transfer function for the AD 5 34 is given by: 



Vqut 



'4 



Ul-X2)(Yi-Y2) 



SF 



-(Zi-Z2)j 



where 



A = open loop gain of output amplifier, typically 
70dB at dc 

X, Y, Z = input voltages (full scale = ±SF, peak= 
±1.25SF) 

SF = scale factor, pretrimmed to lO.OOV but 

adjustable by the user down to 3V. 
In most cases the open loop gain can be regarded as infinite, 
and SF will be lOV. The operation performed by the ADS 34, 
can then be described in terms of equation: 

(Xi -X2)(Yi -Y2)= 10V(Zi -Z2) 

The user may adjust SF for values between lO.OOV and 3 V by 
connecting an external resistor in series with a potentiometer 
between SF and -Vg. The approximate value of the total resist- 
ance for a given value of SF is given by the relationship: 

RSF = 5.4K — — — 
10 -SF 

Due to device tolerances, allowance should be made to vary 
RsF by ±25% using the potentiometer. Considerable reduction 
in bias currents, noise and drift can be achieved by decreasing 
SF. This has the overall effect of increasing signal gain with- 
out the customary increase in noise. Note that the peak input 
signal is always limited to 1.25SF (i.e., ±5V for SF = 4V) so the 
overall transfer function will show a maximum gain of 1.25. 
The performance with small input signals, however, is improved 
by using a lower SF since the dynamic range of the inputs is 
now fully utilized. Bandwidth is unaffected by the use of this 
option. 

Supply voltages of ±15V are generally assumed. However, satis- 
factory operation is possible down to ±8V (see curve 1). Since 
all inputs maintain a constant peak input capability of ±1.25 SF 
some feedback attenuation will be necessary to achieve output 
voltage swings in excess of ± 12V when using higher supply 
voltages. 

OPERATION AS A MULTIPLIER 

Figure 2 shows the basic connection for multiplication. Note 
that the circuit will meet all specifications without trimming. 



OUTPUT, ±12VPK 
. (XtX;)(YtYz ) ^ 
10V 



OPTIONAL SUMMING 
INPUT, Z,±10VPK 



Figure 2. Basic Multiplier Connectiorj 
In some cases the user may wish to reduce ac feedthrough to 
a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (±30mV range required) to the X or Y 
input (see Optional Trimming Configuration, page 3 ). Curve 4 





Xi +Vs 

X2 

OUT 
AD534 
SF Zi 

Z2 

Yi 

Y2 -Vs 




+15V 


X INPUT 

±10V FS 
±12V PK 


















T 
1 
J 


Y INPUT 
±10V FS 
±12VPK 




V 

-15 V 







shows the typical ac feedthrough with this adjustment mode. 
Note that the Y input is a factor of 10 lower than the X input and 
should be used in applications where null suppression is critical. 

The high impedance Z^ terminal of the AD5 34 may be used to 
sum an additional signal into the output. In this mode the output 
amplifier behaves as a voltage follower with a IMHz small signal 
bandwidth and a 20V /jUS slew rate. This terminal should 
always be referenced to the ground point of the driven system, 
particularly if this is remote. Likewise the differential inputs 
should be referenced to their respective ground potentials to 
realize the full accuracy of the ADS 34. 

A much lower scaling voltage can be achieved without any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 3. In this example, the scale is such that 
Vqut = XY, so that the circuit can exhibit a maximum gain of 
10. This connection results in a reduction of bandwidth to 
about 80kHz without the peaking capacitor Cp = 200pF, In 
addition, the output offset voltage is increased by a factor of 
10 making external adjustments necessary in some applications. 
Adjustment is made by connecting a 4.7MJ^ resistor between 
Zj and the slider of a pot connected across the supplies to 
provide ±300mV of trim range at the output. 

Feedback attenuation also retains the capability for adding a 
signal to the output. Signals may be applied to the high imped- 



X INPUT 
+10V FS 
±12V PK 



Y INPUT 
±10V FS 
±12V PK 



OUTPUT, ±12VPK 
= (Xi-X2)(Yi-Y2) 
(SCALE = IV) 




Figure 3. Connections for Scale-Factor of Unity 

ance Z2 terminal where they are amplified by +10 or to the 
common ground connection where they are amplified by +1. 
Input signals may also be applied to the lower end of the lOkH 
resistor, giving a gain of -9. Other values of feedback ratio, up 
to XlOO, can be used to combine multiplication with gain. 

Occasionally it may be desirable to convert the output to a 
current, into a load of unspecified impedance or dc level. For 
example, the function of multiplication is sometimes followed 
by integration; if the output is in the form of a current, a simple 
cap^acitor will provide the integration function. Figure 4 shows 
how this can be achieved. This method can also be applied in 
squaring, dividing and square rooting modes by appropriate 
choice of terminals. This technique is used in the voltage-con- 
trolled low-pass filter and the differential-input voltage-to- 
frequency converter shown in the Applications Section. 
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CURRENT-SENSING 
RESISTOR, Rs,2knM IN 



t— *^ 1 

•out " I 

J (X1-X2MY1-Y2) , J_ I 



Y INPUT 
±10V F.S. 
+12VPK 



INTEGRATOR ^y-^ 
CAPACITOR I 



Figure 4. Conversion of Output to Current 

OPERATION AS A SQUARER 

Operation as a squarer is achieved in the same fashion as the 
multiplier except that the X and Y inputs are used in parallel. 
The differential inputs can be used to determine the output 
polarity (positive for Xj = Yj and X2 = Y2, negative if either 
one of the inputs is reversed). Accuracy in the squaring mode 
is typically a factor of 2 better than in the multiplying mode, 
the largest errors occurring with small values of output for 
input below IV. 

If the application depends on accurate operation for inputs 
that are always less than ±3V, the use of a reduced value of 
SF is recommended as described in the FUNCTIONAL 
DESCRIPTION section (previous page). Alternatively, a feed- 
back attenuator may be used to raise the output level. This is 
put to use in the difference-of-squares application to compen- 
sate for the factor of 2 loss involved in generating the sum 
term (see Figure 7). 

The difference-of-squares function is also used as the basis for 
a novel rms-to-dc converter shown in Figure 14. The averaging 
filter is a true integrator, and the loop seeks to zero its input. 
For this to occur, (Vjn)^ - (Vqut)^ - ^ (^^^ signals whose 
, period is well below the averaging time-constant). Hence Vqut 
is forced to equal the rms value of Vjn. The absolute accuracy 
of this technique is very high; at medium frequencies, and for 
signals near full scale, it is determined almost entirely by the 
ratio of the resistors in the inverting amplifier. The multiplier 
scaling voltage affects only open loop gain. The data shown is 
typical of performance that can be achieved with an ADS 34K, 
but even using an AD534J, this technique can readily provide 
better than 1% accuracy over a wide frequency range, even for 
crest-factors in excess of 10. 

OPERATION AS A DIVIDER 

The ADS 3 5, a pin for pin functional equivalent to the ADS 34, 
has guaranteed performance in the divider and square-rooter 
configurations and is recommended for such applications. 
Figure S shows the connection required for division. Unlike 
earlier products, the ADS 34 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Yj. As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in curve 8. 

Without additional trimming, the accuracy of the ADS34K and 
L is sufficient to maintain a 1% error over a 10 V to IV denoipi- 
nator range. This range may be extended to 100: 1 by simply 
reducing the X offset with an externally generated trim voltage 
(range required is ±3.SmV max) applied to the unused X input 
(see Optional Trimming Configuration). To trim, apply a 
ramp of +100mV to +V at lOOHz to both Xi and Zj (if X2 



X-INPUT 

(DENOMINATOR) 

+10V FS 

+12V PK 



OPTIONAL 

SUMMING INPUT 

±10V PK 

1 

I 



I 



Xi +Vs 

X2 

OUT 
AD534 

Z 1 " 

Z2 

Yi 
Y2 



OUTPUT, ±12V PK 
= 10V(Z^-Z,) ^y 
(X,-X2) *^' 



Z-INPUT 
(NUMERATOR) 
±10V FS, ±12V PK 



Figure 5. Basic Divider Connection 
is used for offset adjustment, otherwise reverse the signal po- 
larity) and adjust the trim voltage to minimize the variation in 
the output.* 

Since the output will be near +10V, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 
tol. 

As with the multiplier connection, overall gain can be intro- 
duced by inserting a simple attenuator between the output and 
Y2 terminal. This option, and the differential-ratio capability 
of the ADS 34 are utilized in the percentage-computer applica- 
tion shown in Figure 11. This configuration generates an out- 
put proportional to the percentage deviation of one variable 
(A) with respect to a reference variable (B), with a scale of one 
volt per percent. 

OPERATION AS A SQUARE ROOTER 

The operation of the ADS 34 in the square root mode is shown 
in Figure 6. The diode prevents a latching condition which 
could occur if the input momentarily changes polarity. As 
shown, the output is always positive; it may be changed to a 
negative output by reversing the diode direction and inter- 
changing the X inputs. Since the signal input is differential, all 
combinations of input and output polarities can be realized, 
but operation is restricted to the one quadrant associated with 
each combination of inputs. 

OU TPUT, ±12V P K 
= v'10V(Z2-2i) + X2 

• 



OPTIONAL 
SUMMING 
INPUT, X, 
±10V PK 
f 



I 



REVERSE 
. THIS AND X 
"27 INPUTS FOR 
^^ NEGATIVE 
OUTPUTS 



< (MUST BE 

Tprovided) 



- 2-INPUT 

10V FS 
+ 12V PK 



Figure 6. Square-Rooter Connection 

In contrast to earlier devices, which were intolerant of capaci- 
tive loads in the square root modes, the ADS 34 is stable with 
all loads up to at least lOOOpF. For critical applications, a small 
adjustment to the Z input offset (see Optional Trimming Con- 
figuration) will improve accuracy for inputs below IV. 

♦See the ADS 3 5 Data Sheet for more details. 
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Applications Section 



The versatility of the ADS 34 allows the creative designer to 
implement a variety of circuits such as wattmeters, frequency 
doublers and automatic gain controls to name but a few. These 
applications along with many other such "idea stimulators" 
are described in detail in the Multiplier Application Guide, 
available upon request from Analog Devices. 




MODULATION 
INPUT, ±Em 



CARRIER INPUT 
Ec sin cot 



- OUTPUT 

. Em 



1 - igv ^C sin wt 



THE SF PIN OR A Z-ATTENUATOR CAN BE USED TO PROVIDE OVERALL SIGNAL 
AMPLIFICATION OPERATION FROM A SINGLE SUPPLY IS POSSIBLE, BIAS Y2 TO Vs/2. 



Figure 10. Linear AM Modulator 



Figure 7. D if ference-of -Squares 



CONTROL INPUT, 
Ec,ZER0T0+5V 



SIGNAL INPUT, 
Es,±5VPK 




OUTPUT, +12V PK 



1) GAIN IS X10 PER VOLT OF Ec, ZERO TO X50 

2) WIDEBAND (10Hz - 30kHz) OUTPUT NOISE IS 3mV RMS, TYP 
CORRESPONDING TO A F S S/N RATIO OF 70dB 

3) NOISE REFERRED TO SIGNAL INPUT, WITH Ec = ±5V, IS 60/liV RMS, TYP 

4) BANDWIDTH IS DC TO 20kHz, -3dB, INDEPENDENT OF GAIN 



Figure 8. Voitage-Controited Amplifier 




Xi +Vs 

X2 

OUT 



SF 



AD534 



-OUTPUT = (10V) sine 

WHERE e = - -^ 
2 10V 



USING CLOSE TOLERANCE RESISTORS AND AD534L, ACCURACY OF FIT IS WITHIN 
±0.5% AT ALL POINTS. B IS IN RADIANS. 













"1^ 


X2 

OUT 
ADB34 
SF Zz 

Zi 
Yi 
Y2 -Vs 


+15V 




1k^ 


► 




I 




( 


V 




A INPUT 


B INPUT 


-15V 


^ (-1) 


(+Ve ONLY) 


i 













OUTPUT = (100V) - 
(1% PER VOLT) 



OTHER SCALES, FROM 10% PER VOLT TO 0.1% PER VOLT CAN BE OBTAINED BY 
ALTERING THE FEEDBACK RATIO 



Figure 11. Percentage Computer 



V~ 



-0UTPUT,±5VPK 

= (10V) -^ 
1 +y 

WHERE y = -^- 



Figure 9. Sine-Function Generator 



Figure 12. Bridge-Linearization Function 
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MATCHED TO 025% 




+15V APPROX 



CALIBRATION PROCEDURE. 

WITH Ec = 1.0V, ADJUST POT TO SET f = 1,000kHz. WITH Ec = 8.0V, ADJUST TRIMMER 
CAPACITOR TO SET f = 8.000kHz. LINEARITY WILL TYPICALLY BE WITHIN ±0.1% OF 
F.S. FOR ANY 6THER INPUT. 

DUE TO DELAYS IN THE COMPARATOR, THIS TECHNIQUE IS NOT SUITABLE FOR 
MAXIMUM FREQUENCIES ABOVE 10kHz. FOR FREQUENCIES ABOVE 10kHz THE 
AD537 VOLTAGE TO FREQUENCY CONVERTER IS RECOMMENDED 



INPUT 
5V RMS FS 
±10V PEAK 



R MS + DC 
AC 'RMS Y 





Y2 -Vs 



vv^* 

CALIBRATION PROCEDURE. 

WITH 'MODE' SWITCH IN 'RMS + DC POSITION, APPLY AN INPUT OF +1.00VDC. ADJUST 

ZERO UNTIL OUTPUT READS SAME AS INPUT. CHECK FOR INPUTS OF ±10V, OUTPUT 

SHOULD BE WITHIN ±0 05% (5mV) 

ACCURACY IS MAINTAINED FROM 60Hz to 100kHz, AND IS TYPICALLY HIGH BY 

0.5% AT IMHz FOR V,n = 4V RMS (SINE, SQUARE OR TRIANGULAR WAVE) 

PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST-FACTORS UP TO AT 

LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY. 

INPUT IMPEDANCE IS ABOUT lOkn, FOR HIGH (lOMn) IMPEDANCE, REMOVE MODE 

SWITCH AND INPUT COUPLING COMPONENTS. 



Figure 13. Differential-Input Voltage-to-Frequency Converter 



Figure 14. Wideband, High-Crest Factor, 
RMS-to-DC Converter 



Typical Performance Curves (typical at +25°C, with Vs = ±15V dc, unless otherwise stated) 
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Curve 1. Input/Output Signal Range Vs. Supply Voltages 



Curve 2. Bias Currents Vs. Temperature (X, Y or Z inputs) 
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Curve 3. Common-Mode- Rejection- Ratio Vs. Frequency 



Curve 6. Wideband Noise Vs. Scaling Voltage 
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Curve 4. AC Feedthrough Vs. Frequency 



Curve 7. Frequency Response as a Multiplier 
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Curve 5. Noise Spectral Density Vs. Frequency 



Curve 8. Frequency Response Vs. Divider Denominator 
Input Voltage 
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ANALOG 
DEVICES 



Real-Time Analog 
Computational Unit (ACU) 



AD538 



FEATURES 



■<^y 



Transfer Function 



Wide Dynamic Range (Denominator) -1000:1 
Simultaneous Multiplication and Division 
Resistor-Programmable Powers & Roots 
No External Trims Required 
Low Input Offsets <100|i.V 
Low Error ±0.25% of Reading (100:1 Range) 
+2V and +10V On-Chip References 
Monolithic Construction 

APPLICATIONS 

One- or Two-Quadrant Mult/Div 
Log Ratio Computation 
Squaring/Square Rooting 
Trigonometric Function Approximations 
Linearization Via Curve Fitting 
Precision AGC 
Power Functions 

PRODUCT DESCRIPTION 

The AD538 is a monolithic real-time computational circuit 
which provides precision analog multipHcation, division and 
exponentiation. The combination of low input and output offset 
voltages and excellent linearity results in accurate computation 
over an unusually wide input dynamic range. Laser wafer trimming 
makes multipUcation and division with errors as low as 0.25% of 
reading possible, while typical output offsets of IOOjjlV or less 
add to the overall off-the-shelf performance level. Real-time 
analog signal processing is further enhanced by the device's 
400kHz bandwidth. 

The AD538's overall transfer function is Vq =Vy (VzA^x)™- 
Programming a particular function is via pin strapping. No 
external components are required for one quadrant (positive 
input) multiplication and division. Two quadrant (bipolar 
numerator) division is possible with the use of external level 
shifting and scaling resistors. The desired scale factor for both 
multiplication and division can be set using the on-chip + 2V or 
+ lOV references, or controlled externally to provide simultaneous 
multiplication and division. Exponentiation with an m value 
from 0.2 to 5 can be implemented with the addition of one or 
two external resistors. 



AD538 FUNCTIONAL BLOCK DIAGRAM 




LOG"^rX U/W- TTj V 



Direct log ratio computation is possible by utilizing only the log 
ratio and output sections of the chip. Access to the multiple 
summing junctions adds further to the AD538's flexibility. 
Finally, a wide power supply range of ±4.5V to ± 18V allows 
operation from standard ±5V, ± 12V and ± 15V suppUes. 

The AD538 is available in two accuracy grades (A and B) over 
the industrial (-25°C to +85°C) temperature range and one 
grade (S) over the miUtary ( - 55X to + 125°C) temperature 
range. The device is packaged in an 18-pin TO- 11 8 hermetic 
side-brazed ceramic DIP. 

PRODUCT HIGHLIGHTS 

1. Real-time analog multipUcation, division and exponentiation. 

2. High accuracy analog division with a wide input dynamic 
range. 

3. On-chip +2Vor + lOV scaling reference voltages. 

4. Both voltage and current (sunmiing) input modes. 

5. Monolithic construction with lower cost and higher reliability 
than hybrid and modular circuits. 
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orcuinuHi 


IUIlO(Vs= ±15Y,Ta= 


=25^ unless othenvise specified) 


















AD538AD 


AD538BD 




AD538SD 






Parameters 


Conditions 


Min 


Typ 


Max 


Min Typ 


Max 


Min 


Typ 


Max 


Units 


MULTIPLIER/DIVIDER 






















PERFORMANCE 






















Nominal Transfer 






/v ^ 


m 


/v 


\m 




/\7 \ 


m 




Function 


10V>Vx,Vy,V7,s0 


Vo 


-vfe 


1 


Vo = Vv(v| 


) 


Vo 


-vfe) 








400m.A>Ix,Iy>Iz^0 


Vo = 


25k(ix Iy 


(It)" 


Vo = 25kilx I 


■ft)" 


Vo- 


25knx I^ 


(It)" 




Total Error Terms 


lOOmV^Vx^lOV 




±0.5 


±1 


±0.25 


±0.5 




±0.5 


±1 


% of Reading + 


100:1 Input Range' 


100mV<VYSlOV 
lOOmVsV/SlOV 
V7SlOVx,m=1.0 




±200 


±500 


±100 


±250 




±200 


±500 


ftV 




TA = T„„„toTmax 




±1 


±2 


±0.5 


±1 




±1.25 


±2.5 


% of Reading + 








±450 


±750 


±350 


±500 




±750 


±1000 


J.V 


Wide Dynamic Range^ 


10mV<Vx^lOV 




±1 


±2 


±0.5 


±1 




±1 


±2 


% of Reading + 




lmV<VY<10V 




±200 


±500 


±100 


±250 




±200 


±500 


^.v + 




0V<VzSl0V 




±100 


±250 


±750 


±150 




±200 


±250 


jiVx(Vy + Vz)/Vx 




Vz<10Vx,m=1.0 






















TA = T„,.nt0T„,ax 




±1.5 


±3 


±1 


±2 




±2 


±4 


% of Reading + 








±450 


±750 


±350 


±500 




±750 


±1000 


,jlV + 








±450 


±750 


±350 


±500 




±750 


±1000 


ftVx(VY + Vz)/Vx 


Exponent (m) Range 


TA = Tn„„t0Tmax 


0.2 




5 


0.2 


5 


0.2 




5 




OUTPUT 






















CHARACTERISTICS 






















Offset Voltage 


VY = 0,Vc=-600mV 




±200 


±500 


±100 


±250 




±200 


±500 


jxV 




TA = T„„nt0T^ax 




±450 


±750 


±350 


±500 




±750 


±1000 


(xV 


Output Voltage Swing 


Ri. = 2kn 


-11 




±11 


-11 


+ 11 


-11 




+ 11 


V 


Output Current 




5 


10 




5 10 




5 


10 




mA 


FREQUENCY RESPONSE 






















Slew Rate 






1.4 




1.4 






1.4 




V/fJLS 


Small Signal Bandwidth 


100mV<VY,Vz, 
Vx^lOV 




400 




400 






400 




kHz 


VOLTAGE REFERENCE 






















Accuracy 


VREF-10Vor2V 




±25 


±50 


±15 


±25 




±25 


±50 


mV 


Additional Error 


TA = Tm,nOrTmax 




±20 


±30 


±20 


±30 




±30 


±50 


mV 


Output Current 


VREF=10Vto2V 


1 


2.5 




1 2.5 




1 


2.5 




mA 


Power Supply Rejection 






















+ 2V = Vref 


±4.5V<VsS±18V 




300 


600 


300 


600 




300 


600 


fiV/V 


+ 10V = Vref 


±13V<VsS±18V 




200 


500 


200 


500 




200 


500 


\x.wrv 


POWER SUPPLY 






















Rated 


RL = 2kn 




±15 




±15 






±15 




V 


Operating Range^ 




±4.5 




±18 


±4.5 


±18 


±4.5 




±18 


V 


PSRR 


±4 5V<Vs<±18V 
Vx = Vy-V7=:1V 

Volt = IV 




0.05 


0.1 


0.05 


0.1 




0.05 


0.1 


%/v 


Quiescent Current 






4.5 


7 


4.5 


7 




4.5 


7 


mA 


TEMPERATURE RANGE 






















Rated 




-25 




+ 85 


-25 


+ 85 


-55 




+ 125 


°C 


Storage 




-65 




+ 150 


-65 


+ 150 


-65 




+ 150 


°C 


PACKAGE OPTIONS'* 






















Ceramic (D- 1 8) 




AD538AD 




AD538BD 






AD538SD 







NOTES 

'Over the lOOmV to lOV operating range total error is the sum of a percent of reading term and an output offset. With 

this input dynamic range the input offset contribution to total error is negligible compared to the percent of reading 

error. Thus, it is specified indirectly as a part of the percent of reading error. 
^The most accurate representation of total error with low level inputs is the summation of a percent of reading term, 

an output offset and an input offset multiplied by the incremental gain (Vy + VzyVx. 
'When using supplies below ± 13V the lOV reference pin must be connected to the 2V pin in order for the 

AD538 to operate correctly. 
"^See Section 16 for package outline information. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those 
tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although 
only those shown in boldface are tested on all production units. 
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RE-EXAMINATION OF MULTIPLIER/DIVIDER 
ACCURACY 

Traditionally, the "accuracy" of (actually the errors of) analog 
multipliers and dividers have been specified in terms of percent 
of full scale. Thus specified, a 1% multiplier error with a lOV 
full scale output would mean a worst case error of + lOOmV at 
"any" level within its designated output range. While this type 
of error specification is easy to test, evaluate, and interpret, it 
can leave the user guessing as to how useful the multiplier actually 
is at low output levels, those approaching the specified error 
limit (in this case) lOOmV. 

The AD538's error sources do not follow the percent of full-scale 
approach to specification, thus it more optimally fits the needs 
of the very wide dynamic range applications for which it is best 
suited. Rather than as a percent of full scale, the AD538*s error 
as a multipUer or divider for a 100:1 (lOOmV to lOV) input 
range is specified as the sum of two error components: a percent 
of reading (ideal output) term plus a fixed output offset. Following 
this format the AD538AD, operating as a multipUer or divider 



with inputs down to lOOmV, has a maximum error of ± 1% of 
reading ± SOOjaV. Some sample total error calculations for both 
grades over the 100:1 input range are illustrated in the chart 
below. This error specification format is a familiar one to designers 
and users of digital voltmeters where error is specified as a 
percent of reading ± a certain mmiber of digits on the meter 
readout. 

For operation as a multipUer or divider over a wider dynamic 
range (> 100: 1), the AD538 has a more detailed error specification 
which is the sirni of three components: a percent of reading 
term, an output offset term and an input offset term for the Vy/ 
Vx log ratio section. A sample appUcation of this specification, 
taken from the chart below, for the AD538AD with Vy = IV, 
Vz = lOOmV and Vx = lOmV would yield a maximum error 
of ±2.0% of reading ±500m-V ±(IV + 100mV)/10mV x 
250jjlV or ±2.0% of reading ±500(jlV ± 27.5mV. This example 
iUustrates that with very low level inputs the AD538's incremental 
gain (Vy + Vz)A^x has increased to make the input offset con- 
tribution to error substantial. 



AD538 SAMPLE ERROR CALCULATION CHART (worst case) 





Vy 


Vz 


Vx 


Ideal 


Total Offset 


% of Reading 


Total Error 


Total Error Summation 




Input 


Input 


Input 


Output 


Error Term 


Error Term 


Summation 


as a % of the Ideal 




(inV) 


(inV) 


(inV) 


(inV) 


(inmV) 


(mmV) 


(inmV) 


Output 


100:1 


10 


10 


10 


10 


0.5 (AD) 


100 (AD) 


100.5 (AD) 


1.0 (AD) 


INPUT RANGE 










0.25 (BD) 


50 (BD) 


50.25 (BD) 


0.5 (BD) 


Total Error = 
±%rdg 


10 


0.1 


0.1 


10 


0.5 (AD) 


100 (AD) 


100.5 (AD) 


1.0 (AD) 










0.25 (BD) 


50 (BD) 


50.25 (BD) 


0.5 (BD) 


± Output Vos 




















1 


1 


1 


1 


0.5 (AD) 
0.25 (BD) 


10 (AD) 
5 (BD) 


10.5 (AD) 
5.25 (BD) 


1.05 (AD) 
0.5 (BD) 




0.1 


0.1 


0.1 


0.1 


0.5 (AD) 
0.25 (BD) 


1 (AD) 
0.5 (BD) 


1.5 (AD) 
0.75 (BD) 


1.5 (AD) 
0.75 (BD) 


WIDE 


1 
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0.1 


1 
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45.53 (AD) 


4.55 (AD) 












15.27 (BD) 


10 (BD) 


25.27 (BD) 


2.53 (BD) 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±18V 

Internal Power Dissipation 250mW 

Output Short Circuit-to-Ground Indefinite 

Input Voltages Vx, Vy, Vz ( + Vs-lV), -IV 

Input Currents Ixj Iyj Izj lo 1mA 

Operating Temperanire Range -25°Cto +85°C 

Storage Temperature Range -65°Cto +150** 

Lead Temperature, Storage 60 sec, + 300°C 
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Figure 1. Functional Blocl< Diagram 

FUNCTIONAL DESCRIPTION 

As shown in Figures 1 and 2, the Vz and Vx inputs connect 
directiy to the AD538's input log ratio amplifiers. This subsection 
provides an output voltage proportional to the natural log of 
input voltage Vz, minus the natural log of input voltage Vx- 
The output of the log ratio subsection at B can be expressed by 
the transfer function: 



-=?^?^J 



(where k = 1.3806 x ir^^ J/K, q =1.6 0219 x 10"^^ C, 
T is in Kelvins) 

The log ratio configuration may be used alone, if correctly tem- 
perature compensated and scaled to the desired output level (see 
Applications section). 

Under normal operation, the log-ratio output will be connected 
directly to a second functional block at input C, the antilog 
subsection. This section performs the antilog according to the 
transfer function: 



(Vci^) 



Vo= Vye 

As with the log-ratio circuit included in the ADSSS, the user 
may use the antilog subsection by itself. When both subsections 
are combined, the output at B is tied to C, the transfer function 
of the AD538 computational imit is: 



Vo= Vye 
which reduces to: 



\ms)-^4 



;Vb 



Vo 



-(?S 



Finally, by increasing the gain or attenuating the output of the 
log ratio subsection via resistor progranmiing, it is possible to 
raise the quantity VzA^x to the m* power. Without external 
progranmiing, m is unity. Thus the overall AD538 transfer 



function equals: 

where 0.2 < m < 5 

When the AD538 is used as an analog divider, the Vy input can 
be used to multiply the ratio VzA^x by a convenient scale factor. 
The actual multiplication by the Vy input signal is accomplished 
by adding the log of the Vy input signal to the signal at C which 
is already in the log domain. 

STABILITY PRECAUTIONS 

At higher frequencies, the multi-staged signal path of the AD538, 
as illustrated in Figure 2, can result in large phase shifts. If a 
condition of high incremental gain exists along that path (e.g., 
Vo = Vy X VzA^x = lOV X lOmV/lOmV = lOV so that 
AVq/AVx = 1000), then small amounts of capacitive feedback 
from Vo to the current inputs Iz or Ix can result in instability. 
Appropriate care should be exercised in board layout to prevent 
capacitive feedback mechanisms imder these conditions. 




Figure 2. Model Circuit 

USING THE VOLTAGE REFERENCES 

A stable bandgap voltage reference for scaling is included in the 
AD538. It is laser-trimmed to provide a selectable voltage gtutput 
of + lOV buffered (Pin 4), +2V unbuffered (Pin 5) or any 
voltages between +2V and + 10.2V buffered as shown in Figure 
3. The output impedance at pin 5 is approximately 5kft. Note 
that any loading of this pin will produce an error in the + lOV 
reference voltage. External loads on the + 2V output should be 
greater than SOOkd to maintain errors less than 1%. 

In situations not requiring both reference levels, the + 2V output 
can be converted to a buffered output by tying pins 4 and 5 



+ 2VT0 +10 2V 
BUFFERED 




LOG^'^X^ U^V• jo] Vy 



Figure 3. +2V to + 1 0.2V Adjustable Reference 
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together. If both references are required simultaneously, the 
+ lOV output should be used directly and the + 2V output 
should be externally buffered. 

ONE-QUADRANT MULTIPLICATION/DIVISION 

Figure 4 shows how the AD538 may be easily configured as a 
precision one-quadrant multipUer/divider. The transfer function 
VouT = Vy (Vz/Vx) allows "three" independant input variables; 
a calculation not available with a conventional multiplier. In 
addition, the 1000: 1 (i.e. lOmV to lOV) input dynamic range of 
the ADS38 greatly exceeds that of analog multipliers computing 
one-quadrant multiplication and division. 




ANTILOG >^ , 



-OVy 
INPUT 



Figure 4. One-Quadrant Combination Multiplier/Divider 

By simply connecting the input Vx (pin 15) to the + lOV reference 
(pin 4), and tying the log-ratio output at B to the antilog input 
at C, the AD538 can be configured as a one-quadrant analog 
multiplier with 10 volt scaling. If 2 volt scaling is desired, Vx 
can be^ tied to the + 2V reference. 

When the input Vx is tied to the + lOV reference terminal the 
multiplier transfer function becomes: 



^\iov; 



As a multiplier, this circuit provides a typical bandwidth of 
400kHz with values of Vx> Vy or Vz varying over a 100: 1 range 
(i.e. lOOmV to lOV). The maximum error with a lOOmV to lOV 
range for the two input variables will typically be +0.5% of 
reading. Using the optional Z offset trim scheme, as shown in 
Figure 5, this error can be reduced to +0.25% of reading. 

By using the + lOV reference as the Vy input, the circuit of 
Figure 4 is configured as a one-quadrant divider with a fixed 
scale factor. As with the one-quadrant multiplier, the inputs 
accept only single (positive) polarity signals. The output of the 
one-quadrant divider with a + lOV scale factor is: 



Vo = lOV 



(I) 



The typical bandwidth of this circuit is 370kHz with IV to lOV 
denominator input levels. At lower ampUtudes, the bandwidth 
gradually decreases to approximately 200kHz at the 2mV input 
level. 



TWO-QUADRANT DIVISION 

The two-quadrant linear divider circuit illustrated in Figure 5 
uses the same basic connections as the one-quadrant version. 
However, in this circuit the mmierator has been offset in the 
positive direction by adding the denominator input voltage to it. 
The offsetting scheme changes the divider's transfer function 
from: 



Vo = lOV 



© 



To: 



Vo=10V 



(Vz + AVx) 



= 10V 



(-rj 



= 10A+10V 



m 



where A = 



35kn 
25kn 



As long as the magnitude of the denominator input is equal to 
or greater than the magnitude of the numerator input, the circuit 
will accept bipolar numerator voltages. However, under the 
conditions of a OV numerator input, the output would incorrectly 
equal + 14V. The offset can be removed by connecting the 
+ lOV reference through resistors Rl and R2 to the output 
section's summing node I at pin 9 thus providing a gain of 1.4 
at the center of the trimpot. The pot R2 adjusts out or corrects 
this offset, leaving the desired transfer fimction of lOV (VzA^x)- 



DENOMINATOR 




Figure 5. Two-Quadrant Division witli 10V Scaling 

LOG RATIO OPERATION 

Figure 6 shows the AD538 configured fot computing the log of 
the ratio of two input voltages (or currents). The output signal 
from B is connected to the summing junction of the output 
ampUfier via two series resistors. The 90.9ft metal film resistor 
effectively degrades the temperature coefficient of the ± 3500ppm/ 
"C resistor to produce a L09kft +3300ppm/*'C equivalent value. 
In this configuration the Vy input, must be tied to some voltage 
less than zero (- 1.2V in this case) removing this input from the 
transfer function. 

The 5kn potentiometer controls the circuit's scale factor adjust- 
ment providing a + IV per decade adjustment. The output 
offset potentiometer should be set to provide a zero output with 
Vx = Vz = IV. The input Vo adjustment should be set for an 
output of 3V with Vz = ImV and Vx = IV. 
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Figure 6. Log Ratio Circuit 



The log ratio circuit shown achieves ±0.5% accuracy in the log 
domain for input voltages within three decades of input range: 
lOmV to lOV. This error is not defined as a percent of full-scale 
output, but as a percent of input. For example, using a IV/decade 
scale factor, a 1% error in the positive direction at the INPUT 
of the log ratio amplifier translates into a 4.3mV deviation from 
die ideal OUTPUT (i.e., IV x logio (I.OI) = 4.32I4mV). An 
input error 1% in the negative direction is slightiy different, 
giving an output deviation of 4.3648mV. 

ANALOG COMPUTATION OF POWERS AND ROOTS 

Often it is necessary to raise the quotient of two input signals to 
a power or take a root. This could be squaring, cubing, square-root- 
ing or exponentiation to some noninteger power. Examples 
include power series generation. With the AD538, only one or 
two external resistors are required to set ANY desired power, 
over the range of 0.2 to 5. Raising the basic quantity VzA^x to a 
power greater than one requires that the gain of the Ap538's 
log ratio subtractor be increased, via an external resistor between 



VzC 

VyC 




m 


Ra 


2 
3 

4 
5 


196ft 
97 6ft 
64 9ft 
48 7ft 







m 


Rb 


Re 


1/2 
1/3 
1/4 
1/5 


100ft 
100ft 
150ft 
162ft 


100ft 
49 9ft 
49.9ft 
40 2ft 



pins A and D. Similarly, a voltage divider which attenuates the 
log ratio output between points B and C will program the power 
to a value less than one. 

SQUARE ROOT OPERATION 

The explicit square root circuit of Figure 8 illustrates a precise 
method for performing a real time square root computation. For 
added flexibility and accuracy this circuit has a scale factor 
adjustment. 

The actual square rooting operation is performed in this circuit 
by raising the quantity VzA^x to the 1/2 power via the resistor 
divider network consisting of resistors Rb and Re. For maximum 
linearity, the two resistors should be 1% (or better) ratio-matched 
metal film types. 




Figure 8. Square Root Circuit 

One volt scaling is achieved by dividing-down the 2V reference 
and applying approximately IV to both the Vy and Vx inputs. 
In this circuit, the Vx input is intentionally set low, to about 
0.95V, so that the Vy input can be adjusted high; permitting a 
± 5% scale factor trim. Using this trim scheme, the output 
voltage will be within ± 3mV ± 0.2% of the ideal value over a 
lOV to ImV input range (80dB). For a decreased input dynamic 
range of lOmV to lOV (60dB) the error is even less; here the 
output will be within ±2mV ±0.2% of the ideal value. The 
bandwidth of the AD538 square root circuit is approximately 
280kHz with a IV p-p sinewave with a + 2V dc offset. 

This basic circuit may also be used to compute the cube, fourth 
or fifth roots of an input waveform. All that is required for a 
given root is that the correct ratio of resistors, Re and Rbj be 
selected such that their sum is between 1500 and 20011. 

The optional absolute value circuit shown preceding the AD538 
allows the use of bipolar input voltages. Only one op-amp is 
required for the absolute value function, because the Iz input of 
the AD538 functions as a summing junction. If it is necessary to 
preserve the sign of the input voltage, the polarity of the op-amp 
output may be sensed and used after the computation to switch 
the sign bit of a D.V.M. chip. 



Figure 7. Basic Configurations and Transfer Functions for 
the AD538 
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TRANSDUCER LINEARIZATION 

Many electronic transducers used in scientific, commercial or 
industrial equipment monitor the physical properties of a device 
and/or its environment. Sensing (and perhaps compensating for) 
changes in pressure, temperature, moisture or other physical 
phenomenon can be an expensive undertaking, particularly 
where high accuracy and very low nonlinearity are important. In 
conventional analog systems accuracy may be easily increased by 
offset and scale factor trims, however, nonlinearity is usually the 
absolute limitation of the sensing device. 

With the ability to easily program a complex analog function, 
the AD538 can effectively compensate for the nonlinearities of 
an inexpensive transducer. The AD538 can be connected between 
the transducer preamplifier output and the next stage of monitoring 
or transmitting circuitry. The recommended procedure for lineariz- 
ing a particular transducer is first to find the closest function 
which best approximates the nonlinearity of the device and 
then, to select the appropriate exponent resistor value(s), 

ARC-TANGENT APPROXIMATION 

The circuit of Figure 9 is typical of those AD538 applications 
where the quantity VzA^x is raised to powers greater than one. 
In an approximate arc-tangent function, the AD538 will accurately 
compute the angle that is defined by X and Y displacements 
represented by input voltages Vx and Vz- With accuracy to 
within one degree (for input voltages between IOOjjlV and 10 
volts), the AD538 arc-tangent circuit is more precise than con- 
ventional analog circuits and is faster than most digital techniques. 
For a direct arc-tangent computation that requires fewer external 
components refer to the AD639 data sheet. The circuit shown is 
set-up for the transfer function: 



V,=[V,REF-V,] x(^)'" e=TAN-'(|] 



v-rv -v^r^T'' 



® 



Where e = Tan" 



The (Veref — Ve) fimction is implemented in this circuit by adding 
together the output, Ve, and an externally applied reference 
voltage, Veref, via an external AD547 op-amp. The l|xF capacitor 



lOkll 
FULL 
SCALE 




•♦-Wr- 




•RATIO MATCH 1% METAL 
FILM RESISTORS FOR BEST 
ACCURACY 



Figure 9. The Arc-Tangent Function 

connected aroimd the AD547's lOOkft feedback resistor frequency 

compensates the loop (formed by the amplifier between Ve and 

Vy). 

The VbA^a quantity is calculated in the same manner as in the 

one-quadrant divider circuit, except that the resulting quotient 

is raised to the 1.21 power. Resistor Ra (nominally 93111) sets 

the power or m factor. 

For the highest arc-tangent accuracy the external resistors Rl 
and R2 should be ratio matched, however, the offset trim scheme 
shown in other circuits is not required, since nonlinearity effects 
are the predominant source of error. Also note, that instabiUty 
will occur as the output approaches 90° because, by definition, 
the arc-tangent function is infinite and therefore, the AD538's 
gain will be extremely high. 
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ANALX)G 
DEVICES 



Wideband Dual-Channel 
Linear Multiplier/Divider 




FEATURES 

Two Quadrant Multiplication/Division 

Two Independent Signal Channels 

Signal Bandwidth of 60MHz (Iqut) 

Linear Control Channel Bandwidth of 5MHz 

Low Distortion (to 0.01%) 

Fully-Calibrated, Monolithic Circuit 

APPLICATIONS 

Precise High Bandwidth AGC and VCA Systems 

Voltage-Controlled Filters 

Video-Signal Processing 

High-Speed Analog Division 

Automatic Signal-Leveling 

Square-Law Gain/Loss Control 

PRODUCT DESCRIPTION 

The ADS39 is a low-distortion analog multiplier having two 
identical signal channels (Yl and Y2), with a common X-input 
providing linear control of gain. Excellent ac characteristics up 
to video frequencies and a 3dB bandwidth of over 60MHz are 
provided. Although intended primarily for appUcations where 
speed is important the circuit exhibits good static accuracy in 
"computational" apphcations. Scaling is accurately determined 
by a band-gap voltage referehce and all critical parameters are 
laser-trimmed during manufacture. 

The full bandwidth can be realized over most of the gain range 
using the AD539 with simple resistive loads of up to lOOH. 
Output voltage is restricted to a few hundred millivolts under 
these conditions. Using external op amps such as the AD5539 in 
conjunction with the on-chip scaling resistors, accurate multiph- 
cation can be achieved, with bandwidths typically as high as 
50MHz. 

The two channels provide flexibiUty. In single-channel applications 
they may be used in parallel, to double the output current, or in 
series, to achieve a square-law gain function with a control 
range of over lOOdB, or differentially, to reduce distortion. 
Alternatively, they may be used independently, as in audio 
stereo appUcations, with low crosstalk between channels. Voltage- 
controlled filters and oscillators using the "state-variable" approach 
are easily designed, taking advantage of the dual channels and 
common control. The AD539 can also be configured as a divider 
with signal bandwidths up to 15MHz. 

Power consumption is only 135mW using the recommended 
± 5V suppUes. The AD539 is available in three versions: the 
"J" and "K" grades are specified for to + 70**C operation and 
"S" grade is guaranteed over the extended range of - 55**C to 
+ nS^'C. The J and K grades are available in either a hermetic 
ceramic DIP (D) or a low cost plastic DIP (N), while the S 
grade is available only in ceramic. 



ADS 39 FUNCTIONAL BLOCK DIAGRAM 
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DUAL SIGNAL CHANNELS 

The signal voltage inputs, Vyi and Vy2> have nominal full-scale 
(FS) values of ± 2V with a peak range to ± 4.2V (using a negative 
supply of 7.5V or greater). For video applications where differential 
phase is critical a reduced input range of ± 1 volt is recommended, 
resulting in a phase variation of typically ±0.2° at 3.579MHz 
for full gain. The input impedance is typically 400kft shunted 
by 3pF. Signal channel distortion is typically well under 0.1% at 
lOkHz and can be reduced to 0.01% by using the channels 
differentially. 

COMMON CONTROL CHANNEL 

The control channel accepts positive inputs, Vx, from to + 3V 
FS, ±3.3V peak. The input resistance is 500ft. An external, 
groimded capacitor determines the small-signal bandwidth and 
recovery time of the control amplifier; the minimum value of 
3nF allows a bandwidth at mid-gain of about 5MHz. Larger 
compensation capacitors slow the control channel but improve 
the high-frequency performance of the signal channels. 

FLEXIBLE SCALING 

Using either one or two external op amps in conjunction with 
the on-chip 6kft scaling resistors, the output ciurrents (nominally 
± 1mA FS, ± 2.25mA peak) can be converted to voltages with 
accurate transfer functions of Vw = - VxVy/2, Vw = - VxVy 
or Vw = - 2VxVy (where inputs Vx and Vy and output Vw 
are expressed in volts), with corresponding full-scale outputs of 
±3V, ±6V and ± 12V. Alternatively, low-impedance grounded 
loads can be used to achieve the full signal bandwidth of 60MHz, 
in which mode the scaling is less accurate. 
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SPECIFICATIONS 



( @ Ta = 25''C, Vs = ± 5Y, unless otherwise specified) 







AD539J 




AD539K 


AD539S 






Parameter 


Conditions 


Min Typ 


Max 


Min Typ Max 


Min Typ 


Max 


Units 


SIGNAL-CHANNEL DYNAMICS 
















Minimal Configuration 


Reference Figure 6a 














Bandwidth, -3dB 


RL = 50ft,Cc = 0.01tiF 


30 60 




30 60 


30 60 




MHz 


Maximum Output 


+ 0. 1 V<Vx< + 3V, VYac = IV rms 


-10 




-10 


-10 




dBm 


Feedthrough,f<lMH2 


Vx = 0,VYac=1.5Vrms 


-75 




-75 


-75 




dBm 


f=20MHz 




-55 




-55 


-55 




dBm 


Differential Phase Lineanty 
















-lV<VYdc< + lV 


f=3 58MHz,Vx=+3V, 


±02 




±0.2 


±0.2 




Degrees 


-2V<VYdc< + 2V 


VYac=100mV 


±0.5 




±0.5 


±0.5 




Degrees 


Group Delay 


Vx = + 3V, Vyac = 1 V rms, f = IMHz 


4 




4 


4 




ns 


Standard Dual-Channel Multiplier 
















Maximum Output 


Vx= + 3V, VYac = 1.5V rms 


4.5 




4.5 


4.5 




V 


Feedthrough,f<100kHz 


Vx = 0, Vyac = 1.5V rms 


1 




1 


1 




mVrms 


Crosstalk (CHI to CH2) 


VYi = lVrms,VY2 = 
















Vx=+3V,f<100kHz 


-40 




-40 


-40 




dB 


RTO Noise, lOHz to IMHz 


Vx=+1.5V,Vy = 0, Figure 2 


200 




200 


200 




nV/VSi 


THD + Noise,Vx=+lV, 


f=10kHz,VYac=lVrms 


0.02 




0.02 


0.02 




% 


Vy=+3V 


f=10kHz,VYac=lVrms 


0.04 




0.04 


0.04 




% 


Wide Band Two-Channel Mulupher 


Figure 2 














Bandwidth, -3dB(LH0032) 


+ 0. 1 V< Vx< + 3V, Vyac = IV rms 


25 




25 


25 




MHz 


Maximum Output Vx = + 3 V 


Vyac = 1.5V rms, f=3MHz 


4.5 




4.5 


4.5 




Vrms 


FeedthroughVx = OV 


VYac =1.0V rms, f=3MHz 


14 




14 


14 




mVrms 


Wide Band Smgle Channel VCA 
















(AD5539) 


Reference Figure 8 














Bandwiddi, -3dB 


+ 0. 1 V< Vx< + 3V, VYac = IV rms 


50 




50 


50 




MHz 


Maximum Output 


75nLoad 


±1 




±1 


±1 




V 


Feedthrough 


Vx=-0.01,f=5MHz 


-54 




-54 


-54 




dB 


CONTROL CHANNEL DYNAMICS 
















Bandwidth, -3dB 
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(Figure 2) 
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±16.5 


V 
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PACKAGE OPTIONS* 
















Plastic (N-16) 




AD539JN 




AD539KN 








TO-116(D-16) 




AD539JD 




AD539KD 


AD539SD 







NOTES 

'Resistance value and absolute current outputs subject to 20% tolerance 

^Spec assumes the external op amp is trimmed for neghgible input offset 

^Includes all errors 

'*See Section 16 for package outline information. 

Specifications subiect to change without notice 



Specifications shown in boldface are tested on all production units at final 
electrical test Results from those tests are used to calculate outgomg quality 
levels. All mm and max specificauons are guaranteed, although only those 
shown m boldface are tested on all production units 
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CIRCUIT DESCRIPTION 

Figure 1 is a simplified schematic of the AD539. Q1-Q6 are 
large-geometry transistors designed for low distortion and low 
noise. Emitter-area scaling further reduces distortion: Ql is 3 
times larger than Q2; Q4, Q5 are each 3 times larger than Q3, 
Q6, and these transistors are twice as large as Ql, Q2. A stable 
reference current Iref = 1.375mA is produced by a band-gap 
reference circuit and applied to the common emitter node of a 
controlled-cascode formed by Ql and Q2. When Vx = 0, all of 
Iref flows in Ql, due to the action of the high-gain control 
amplifier which lowers the voltage on the base of Q2. As Vx is 
raised the fraction of Iref flowing in Q2 is forced to balance the 
control current, Vx/2.5k. At the ftill-scale value of Vx ( + 3V) 
this fraction is 0.873. Since the bases of Ql, Q4 and Q5 are at 
ground potential and the bases of Q2, Q3 and Q6 are commoned, 
all three controlled-cascodes divide the current applied to their 
emitter nodes in the same proportion. The control loop is stabilized 
by the external capacitor, Cc- 
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Figure 1. Simplified Schematic of AD539 Multiplier 

The signal voltages Vyi and Vyz (generically referred to as Vy) 
are first converted to currents by voltage-to-current converters 
with a gm of 575^jLmhos; thus, the full-scale input of ± 2V becomes 
a current of ± 1.15mA, which is superimposed on a bias of 
2.75mA, and applied to the common emitter node of controlled 
cascode Q3-Q4 or Q5-Q6. As just explained, the proportion of 
this current steered to the output node is Unearly dependent on 
Vx- Thus for fiill-scale Vx and Vy inputs, a signal of ± 1mA 
(0.873 X ± 1.15mA) and a bias component of 2.4mA (0.873 x 
2.75mA) appear at the output. The bias component absorbed by 
the 1.25k resistors also connected to Vx, and the resulting signal 
current can be applied to an external load resistor (in which case 
scaling is not accurate) or can be forced into either or both of 
the 6kft feedback resistors (to the Z and W nodes) by an external 
op amp. In the latter case, scaling accuracy is guaranteed. 

GENERAL RECOMMENDATIONS 

The AD539 is a high speed circuit and requires considerable 
care to achieve its full performance potential. A high-quality 
ground plane should be used with the device either soldered 
directly into the board or moimted in a low-profile socket. In 
the figures used here an open triangle denotes a direct, short 
connection to this groimd plane; pins 12 and 13 are especially 
prone to unwanted signal pick-up. Power supply decoupling 



capacitors of O.lji-F to l|xF should be connected from pins 4 
and 5 to the groimd plane. In applications using external high-speed 
op amps, separate supply decoupling should be used. It is good 
practice to insert small (lOH) resistors between the primary 
supply and the decoupling capacitor. 

The control amplifier compensation capacitor, Cc, should likewise 
have short leads to ground and a minimum value of 3nF. Unless 
maximimi control bandwidth is esssential it is advisable to use a 
larger value of O.OIjjlF to 0.1|jlF to improve the signal chaimel 
phase response, high-frequency crosstalk and high-frequency 
distortion. The control bandwidth is inversely proportional to 
this capacitance, typically 2MHz for Cc = O.OljjiF, Vx = 1.7V. 
The bandwidth and pulse response of the control channel can 
be improved by using a feedforward capacitor of 5% to 20% the 
value of Cc between pins 1 and 2. Optimum transient response 
will result when the rise/fall time of Vx are conunensurate with 
the control-channel response time. 

Vx should not exceed the specified range of to + 3V. The ac 
gain is zero for Vx<0 but there remains a feedforward path (see 
Figure 1) causing control feedthrough. Recovery time from 
negative values of Vx can be improved by adding a small-signal 
Schottky diode with its cathode connected to pin 2 and its anode ^i^ 
groimded. This constrains the voltage swing on Cc- Above Vx 
= + 3.2V, the ac gain limits at its maximum value, but any 
overdrive appears as control feedthrough at the output. 

The power supplies to the AD539 can be as low as ±4.5V and 
as high as ± 16.5V. The maximum allowable range of the signal 
inputs, Vy, is approximately 0.5V above + Vs; the minimum 
value is 2.5V above —Vs. To accommodate the peak specified 
inputs of ± 4.2V the supplies should be nominally + 5V and 
-7.5V. While there is no performance advantage in raising 
suppUes above these values, it may often be convenient to use 
the same supplies as for the op amps. The AD539 can tolerate 
the excess voltage with only a slight effect on dc accuracy but 
dissipation at ± 16.5V can be as high as 535mW and some form 
of heat-sink is essential in the interests of reliability. 

TRANSFER FUNCTION 

In using any analog multiplier or divider careful attention must 
be paid to the matter of scaling, particularly in computational 
applications. To be dimensionally consistent a scaling voltage must 
appear in the transfer function, which, for each channel of the 
AD539 in the standard multiplier configuration (Figure 2) is 

Vw = -VxVyA^u 
where the inputs Vx and Vy, the output Vw and the scaling 
voltage Vu are expressed in a consistent unit, usually volts. In 
this case, Vu is fixed by the design to be IV and it is often 
acceptable in the interest of simplification to use the less rigorous 
expression 

Vw = -VxVy 

where it is imderstood that all signals must be expressed in volts, 
that is, they are rendered dimensionless by division by (IV). 
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The accuracy specifications for Vu allow the use of either of the 
two feedback resistors supplied with each channel, since these 
are very closely matched, or they may be used in parallel to half 
the gain (double the effective scaling voltage), when 

Vw = -VxVy/2. 

When an external load resistor, Rl, is used the scaling is no 
longer exact since the internal thin-fiUm resistors, while trimmed 
to high ratiametric accuracy, have an absolute tolerance of 20%. 
However, the nominal transfer function is 

Vw = -VxVyA^u' 
where the effective scaling voltage, Vu' can be calculated for 
each channel using the formula Vu' == Vu (5Rl + 6.25)/Rl, 
where Rl is expressed in kilohms. For example, when Rl = 
100ft, Vu' = 67.5V. Table II provides more detailed data for 
the case where both channels are used in parallel. The AD539 
can also be used with no external load (output pin 11 or 14 
open-circuit), when Vu' is quite accurately 5V. 

BASIC MULTIPLIER CONNECTIONS 

Figure 2 shows the connections for the standard two-channel 
multiplier, using op amps to provide useful output power and 
the AD539 feedback resistors to achieve accurate scaling. The 
transfer function for each channel is 

Vw = -VxVy 

where inputs and outputs are expressed in volts (see TRANSFER 
FUNCTION). At the nominal full-scale inputs of Vx = +3V, 
Vy = ±2V the full-scale outputs are ±6V. Depending on the 
choice of op amp, their supply voltages usually need to be about 
2V more than the peak output. Thus, supplies of at least ± 8V 
are required; the AD539 can share these supplies. Higher outputs 
are possible if Vx and Vy are driven to their peak values of 
+ 3.2V and ± 4.2V respectively, when the peak output is ± 13.4V. 
This requires operating the op amps at supplies of ± 15V. Under 
these conditions it is advisable to reduce the supplies to the 
AD539 to ±7.5V to limit its power dissipation; however, with 
some form of heat sinking it is permissible to operate the AD539 
directly from ± 15V supplies. 




NOTE 

ALL DECOUPLING CAPACITORS ARE 47fiF CERAMIC 

Figure 2. Standard Dual-Channel Multiplier 



Viewed as a voltage-controlled amplifier, the decibel gain is 
simply 

G = 20 log Vx 

where Vx is expressed in volts. This results in a gain of lOdB at 
Vx = +3.162V, OdB at Vx = + IV, -20dB at Vx = +0.1V, 
and so on. In many ac applications the output offset voltage (for 
Vx = or Vy = 0) will not be of major concern; however, it 
can be eliminated using the offset nulling method recommended 
for the particular op amp, with Vx = Vy = 0. 



At small values of Vx the offset voltage of the control channel 
will degrade the gain/loss accuracy. For example, a ± ImV 
offset uncertainty will cause the nominal 40dB attenuation at Vx 
= +0.01V to range from 39.2dB to 40.9dB. Figure 3a shows 
the maximum gain error boundaries based on the guaranteed 
control-channel offset voltages of ± 2mV for the AD539K and 
±4mV for the AD539J. These curves include all scaling errors 
and apply to all configurations using the internal feedback resistors 
(Wl and W2; alternatively, Zl and Z2). 
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Figure 3a. Maximum ac Gain Error Boundaries 

Distonion is a function of the signal input level (Vy) and the 
control input (Vx). It is also a function of frequency, although 
in practice the op amp will generate most of the distortion at 
frequencies above lOOkHz. Figure 3b shows typical results at 
f = lOkHz as a function of Vx with Vy = 0.5 and 1.5V rms. 
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Figure 3b. Total Harmonic Distortion vs. Control Voltage 



In some cases it may be desirable to alter the scaling. This can 
be achieved in several ways. One option is to use both the Z 
and W feedback resistors (see Figure I) in parallel, in which 
case Vw = - VxVy/2. This may be preferable where the output 
swing must be held at ±3V FS (± 6.75V pk), for example, to 
allow the use of reduced supply voltages for the op amps. Alter- 
natively, the gain can be doubled by connecting both channels 
in parallel and using only a single feedback resistor, in which 
case Vw = - 2VxYy and the full-scale output is ± 12V. Another 
option is to insert a resistor in series with the control-channel 
input, permitting the use of a large (for example, to + lOV) 
control voltage. A disadvantage of this scheme is the need to 
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adjust this resistor to accommodate the tolerance of the nominal 
soon input resistance at pin 1. The signal channel inputs can 
also be resistively attenuated to permit operation at higher values 
of Vy) in which case it may often be possible to partially compensate 
for the response roll-off of the op amp by adding a capacitor 
across the upper arm of this attenuator. 

Signal-Channel ac and Transient Response 

The HF response is dependent almost entirely on the op amp. 
Note that the "noise gain" for the op amp in Figure 2 is determined 
by the value of the feedback resistor (6kn) and the l.ZSkH 
control-bias resistors (Figure 1). Op amps with provision for 
external frequency compensation (such as the AD301 and ADS 18) 
should be compensated for a closed-loop gain of 6. 

The layout of the circuit components is very important if low 
feedthrough and flat response at low values of Vx is to be main- 
tained (see GENERAL RECOMMENDATIONS). 

For wide-bandwidth applications requiring an output voltage 
swing greater than ± IV, the ADLH0032 hybrid op-amp is 
recommended. Figure 4a shows the HF response of the circuit 
of Figure 2 using this amplifier with Vy = IV rms and other 
conditions as shown in Table I. Cp was adjusted for IdB peaking 
at Vx = + IV; the -3dB bandwidth exceeds 2SMHz. The 
effect of signal feedthrough on the response becomes apparent 
at Vx = +0.01V. The minimum feedthrough results when Vx 
is taken slighdy negative to ensure that the residual control-channel 
offset is exceeded and the dc gain is reUably zero. Measurements 
show that the feedthrough can be held to - 90dB relative to full 
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output at low frequencies and to - 60dB up to 20MHz with 
careful board layout. The corresponding pulse response is shown 
in Figure 4b for a signal input of Vy of ± IV and two values of 
Vx( + 3Vand +0.1V). 




Vx = +3V Vx = +0.\V 

Figure 4b. Multiplier Pulse Response Using ADLH0032 Op 
Amps 
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AD55392 


ADLH0032' 


Op Amp Supply Voltages 


±15V 


±9V 


±10V 


Op Amp Compensation Capacitor 


None 
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l-5pF 


Feedback Capacitor, Cp 


None 


0.25-1. 5pF 


l-4pF 


- 3dB Bandwidth, Vx= +1V 


900kHz 


50MHz 


25MHz 


Load Capacitance 


<lnF 


<10pF 


<100pF 


HF Feedthrough, 








Vx= -0.01V,f=5MHz 


N/A 


-54dB 


-70dB 


rms Output Noise, 








Vx= +lV,BW10Hz-10kHz 


SOfjiV 


40|xV 


30fiV 


Vx= +lV,BW10Hz-5MHz 


120ftV 


620tJLV 


500(jlV 



In all cases, 0A7yJF ceramic supply-decoupling capacitors were used at each IC 

pin, the ADS 39 supplies were ± 5V and the control-compensation capacitor Cc 

was 3nF. 

NOTES 

'For the circuit of Figure 2. 



^For the curcuit of Figure 8. 



Figure 4a. Multiplier HF Response Using ADLH0032 
Op Amps 



Table I. Summary of Operating Conditions and Perform- 
ance for the AD539 When Used with Various External 
Op-Amp Output Amplifiers 

Minimal Wide-Band Configurations 

The maximum bandwidth can be achieved using the AD539 
with simple resistive loads to convert the output currents to 
voltages. These currents (nominally ± 1mA FS, ± 2.25mA pk, 
into short-circuit loads) are shunted by their source resistance of 
1.25kn (each channel). Calculations of load power and effective 
scaling-voltage must allow for this shunting effect when using 
resistive loads. The output power is quite low in this mode, and 
the device behaves more like a voltage-controlled attenuator 
than a classical multiplier. The matching of gain and phase 
between the two channels is excellent. From dc to lOMHz the 
gains are typically within ± 0.025dB (measured using precision 
son load resistors) and the phase difference within ±0.1°. 



Load Resistance 


son 


75ft 


100ft 


150ft 


600ft 


0/C 


FS Output Voltage 


±92.6mV 


± 134mV 


± 172mV 


±242mV 


±612mV 


±1V 




65.5mVrms 


94.7mVrms 


122mVrms 


171mVrms 


433mVrms 


* 


FS Output- 


0.086mW 


0.12mW 


0.1 5mW 


0.195mW 


0.312mW 


_ 


Power in Load 


- lO.SdBm 


-9.2dBm 


-8.3dBm 


-7.1dBm 


-5.05dBm 


_ 


Pk Output Voltage 


±210mV 


±300mV 


±388mV 


±544mV 


±1V 


±1V 




148mVrms 


212mVrms 


274mV rms 


385mVrms 


* 


* 


Pk Output- 


0.44mW 


0.6mW 


0.75mW 


ImW 


±1V 


±1V 


Power in Load 


-7dBm 


-4.4dBm 


-2.5dBm 


OdBm 


* 


* 


Effective Scaling 


67.5V 


46.7V 


36.3V 


25.8V 


10.2V 


5V 


Voltage, Vu' 















*Peak negative voltage swing limited by output compliance 

Table II. Summary of Performance for Minimal Configuration 
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For a given load resistance the output power can be quadrupled 
by using both channels in parallel, as shown in Figure 5a. The 
small-signal silicon diode D connected between ground and pins 
12 and 13 provides extra voltage compUance at the output nodes 
in the negative direction (to - IV at 25*'C); it is not required 
if the output swing does not exceed - 300mV. Table II 
compares performance for various load resistances, using this 
configuration. 




[i>^ 




-^REQUIRED IF LOAD 
RESISTANCE >300n 



Figure 5a. Minimal Single-Channel Multiplier 

Figure 5b shows the HF response for Figure 5a with the AD539 
in a carefully-shielded 50ft test-environment; the test system 
response was first characterized and this background removed 
by digital signal processing to show the inherent circuit response. 



Vx = + 3V; the peak deviation is shghtly more than 1°. Differential 
phase linearity (the stabiUty of phase over the signal window at a 
fixed frequency) is shown in Figure 5d for f = 3.579MHz and 
various values of Vx. The most rapid variation occurs for Vy 
above + IV; in applications where this characteristic is critical, 
it is reconmiended that a ground-referenced, negative-going 
signal be used. 
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Figure 5d. Differential Phase Linearity in Minimal 
Configuration for a Typical Device 
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Figure 5b. HF Response in Minimal Configuration 

In many applications phase linearity over frequency is important. 
Figure 5c shows the deviation from an ideal linear-phase response 
for a typical AD539 over the frequency range dc to lOMHz, for 
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Differential Configurations 

When only one signal channel must be handled it is often ad- 
vantageous to use the channels differentially. By subtracting the 
CHI and CH2 outputs any residual transient control feedthrough 
is virtually eliminated. Figure 6a shows a minimal configuration 
where it is assumed that the host system uses differential signals 
and a 50ft environment throughout. This figure also shows a 
recommended control-feedforward network to improve large-signal 
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Figure 6a. High-Speed Differential Configuration 

response time. The control feedthrough gUtch is shown in Figure 
6b, where the input was appUed to CHI and only the output of 
CHI was displayed on the oscilloscope. The improvement obtained 
when CHI and CH2 outputs are viewed differentially is clear in 
Figure 6c. The envelope rise-time is of the order of 40ns. 

Lower distortion results when CHI and CH2 are driven by 
complementary inputs and the outputs are utilized differentially, 
using a circuit such as Figure 7a. Resistors Rl and R2 should 
have a value in the range 100 to 1000ft. 
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Figure 5c. Phase Linearity Error in Minimal Configuration 
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Figure 6b, Control Feed- 
through One Channel of 
Figure 6a 



Figure 6c. Control Feed- 
through Differential Mode, 
Figure 6a 



They minimize a secondary distortion mechanism caused by a 
collector-modulation effect in the controlled cascodes (see CIR- 
CUIT DESCRIPTION) by keeping the voltage-swing at the 
outputs to an acceptable level. Figure 7b shows the improvement 
in distortion over the standard configuration (compare Figure 
3b). Note that the Z nodes (pins 10 and 15) are returned to the 
control input; this prevents the early onset of output-transistor 
saturation. 
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Figure 7a. Low-Distortion Differential Configuration 
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Figure 7b. Distortion in Differential Mode Using 
ADLH0032 Op-Amp 

Even lower distortion (0.01%, or - 80dB) has been measured 
using two output op amps in a configuration similar to Figure 2 
connected as virtual-ground current-smnmers (to prevent the 
modulation effect). Note that to generate the difference output 
it is merely necessary to connect the output of the CHI op amp 
to the Z node of CH2. In this way, the net input to the CH2 op 
amp is the difference signal, and the low-distortion resultant 
appears as its output. 



A 50MHz VOLTAGE-CONTROLLED AMPLIFIER 

Figure 8 is a circuit for a 50MHz voltage-controlled amplifier 
(VCA) suitable for use in high-quality-video-speed applications. 
The outputs from the two-signal channels of the AD539 are 
applied to the op-amp in a subtracting configuration. This con- 
nection has two main advantages: first, it results in better rejection 
of the control voltage, particularly when over-driven (Vx<0 or 
Vx>3.3V). Secondly, it provides a choice of either non-inverting 
or inverting responses, using either inputs Vyi or Vy2 respectively. 
In this circuit, the output of the op-amp will equal: 



VnUT — 



Vx(Vy 



2V 



for Vx>0 



Hence, the gain is unity at Vx= +2V. Since Vx can over-range 
to + 3.3V, the maximum gain in this configuration is about 
4.3dB. (Note: If pin 9 of the AD539 is grounded, rather than 
connected to the output of the 5539N, the maximum gain becomes 
lOdB.) 



<K-rt *-t— 




Figure 8. A Wide Bandwidth Voltage-Controlled Amplifier 

The - 3dB bandwidth of this circuit is over 50MHz at full gain, 
and is not substantially affected at lower gains. Of course, when 
Vx is zero (or slightly negative, to override the residual input 
offset) there is still a small amount of capacitive feedthrough at 
high frequencies; therefore, extreme care is needed in laying out 
the PC board to minimize this effect. Also, for small values of 
Vx) the combination of this feedthrough with the multiplier 
output can cause a dip in the response where they are out of 
phase. Figure 9a shows the ac response from the noninverting 
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Figure 9a. AC Response of the VCA at Different Gains 
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input, with the response from the inverting input, Vy2, c 
identical. Test conditions: Vyi = 0.5V rms for values of Vx from 
+ lOmV to +3.16Vi this is with a 7511 load on the output. The 
feedthrough at Vx= - lOmV is also shown. 

The transient response of the signal channel at Vx^ +2V, 
Vy= VouT= ± IV is shown in Figure 9b; with the VGA driving 
a 75n load. The rise and fall-times are approximately 7ns. 



NUMERATOR 1 





m 


■ 


m 


M 




n 




mm 




i 


■ 


m 


1 




^ 




iiB 










1 




pH 


i 


■ 








1 


I 


I 






H 




hhI 




■ 


I 


■ 










IHIIII 




1 


1 


I 






I 




|l 




I 


I 


■ 






s 


■ 


■■ 


M 


■ 


■ 


■ 


■ 


P 


■ 


■ 


■■ 





Figure 9b. Transient Response of tiie Voltage-Controlled 
Amplifier Vx= +2 Volts Vy= ± 1 Volt 

A more detailed description of this circuit, including differential 
gain and phase characteristics, is given in the application note 
"Low Cost, Two Chip Voltage-Controlled Amplifier and Video 
Switch" available from Analog Devices. 

BASIC DIVIDER CONNECTIONS 

Standard Scaling 

The AD539 provides excellent operation as a two-quadrant 
analog divider in wide-band wide gain-range applications, with 
the advantage of dual-channel operation. Figure 10a shows the 
simplest connections for division with a transfer function of 

Vy = -VuVwA^x 
Recalling that the nominal value of Vu is IV, this can be 
simplified to 

Vy = -VwA^x 
where all signals are expressed in volts. The circuit thus exhibits 
unity gain for Vx = + IV and a gain of 40dB when Vx = 
+ 0.01V. 

The output swing is limited to ± 2V nominal full-scale and 
± 4.2V peak (using a - Vs supply of at least 7.5V for the AD539). 
Since the maximum loss is lOdB (at Vx = 3. 162V), it follows 
that the maximum input to Vw should be ±6.3V (4.4V rms) 
for low distortion applications, and no more than ± 13.4V (9.5V 
rms) to avoid clipping. Note that offset adjustment will be needed 
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Figure 10a. Two-Channel Divider with IV Scaling 
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Figure 10b. HF Response of Figure 10a Divider 

for the op amps to maintain accurate dc levels at the output in 
high gain applications: the "noise gain" is 6VA^x> or 600 at Vx 
= +0.01V. 

The gain-magnitude response for this configuration using the 
ADLH0032 op amps with nominally 12pF compensation (pins 2 
to 3) and Cp = 7pF is shown in Figure 10b; of course, other 
amplifiers may also be used. Since there is some manufactiiring 
variation in the HF response of the op amps, and load conditions 
will also affect the response, these capacitors should be adjustable: 
5-15pF is recommended for both positions. The bandwidth in 
this configuration is nominally 17MHz at Vx = +3. 162V, 
4.5MHz at Vx = + IV, 350kHz at Vx = +0.1V and 35kHz at 
Vx = +0.01V. The general recommendations regarding the use 
of a good ground plane and power-supply decoupling should be 
carefully observed. 
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ANALjOG 
DEVICES 



Internally Trimmed 
Precision I.C. Multiplier 



AD632 



FEATURES 

Pretrimmed to ±0.5% Max 4-Quadrant Error 

All Inputs (X, Y and Z) Differential, High Impedance for 

[(Xi-X2)(Yi-Y2)/10] +Z2 Transfer Function 
Scale-Factor Adjustable to Provide up to X10 Gain 
Low Noise Design: SOpiV rms, lOHz-lOkHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

APPLICATIONS 

High Quality Analog Signal Processing 
Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Accurate Voltage Controlled Oscillators and Filters 



PRODUCT DESCRIPTION 

The AD632 is an intern ally -trimmed monolithic four-quadrant 
multiplier/divider. The AD632B has a maximum multiplying 
error of ±0.5% without external trims. 

Excellent supply rejection, low temperature coefficients and 
long term stability of the on-chip thin film resistors and buried 
zener reference preserve accuracy even under adverse condi- 
tions. The simplicity and flexibility of use provide an attrac- 
tive alternative approach to the solution of complex control 
functions. 

The AD632 is pin for pin compatible with the industry stand- 
ard ADS 3 2 with improved specifications and a fully differen- 
tial high impedance Z-input. The AD632 is capable of providing 
gains of up to XI 0, frequently eliminating the need for sepa- 
rate instrumentation amplifiers to precondition the inputs. 
The AD632 can be effectively employed as a variable gain 
differential input amplifier with high common mode rejection. 
The effectiveness of the variable gain capability is enhanced by 
the inherent low noise of the AD632: 90/liV rms. 



AD632 PIN CONFIGURATIONS 



H-Package TO-lOO 



D-PackageTO-116 




+Vs 

I—I 


Y1 

n 


Y2 


Vos Z2 

r-i n 


X2 


NC 
r-1 


" 


13 


12 


11 10 


9 


8 


. 


2 


3 


4 5 


6 


7 



TOP VIEW 



Z1 OUT -Vs NC HC NC XI 



TOP VIEW 



PRODUCT HIGHLIGHTS 

Guaranteed Performance Over Temperature: The AD632A and 
AD632B are specified for maximum multiplying errors of 
±1.0% and ±0.5% of full scale, respectively at +25°C and are 
rated for operation from -25 C to +85 C. Maximum multi- 
plying errors of ±2.0% (AD632S) and ±1.0% (AD632T) are 
guaranteed over the extended temperature range of -55°C to 
+125°C. 

High Reliability: The AD632S and AD632T series are also 
available with MIL-STD-883 Level B screening and all devices 
are available in either the hermetically-sealed TO- 100 metal can 
or TO-116 ceramic DIP package. 
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orcuinuHiiun 


10 (@ +25T Vs= ±15V, R^2kll unless otheiwise noted) 










Model 


AD632A 


AD632B 


AD632S 




AD632T 








Min Typ Max 


Min Typ Max 


Min Typ 


Max 


Min Typ 


Max 


Units 


MULTIPLIER PERFORMANCE 
















Transfer Function 


(X,-X2)(Y,-Y2)_ 

lov "-^^ 


(X,-X2)(Y,-Y2) ^ 

lov -^^2 


(X,-X2)(Y,-Y2) , 

lov -"^^ 


(X,-X2)(Y,-Y2) ^ 
lOV "^^2 




Total Error' ( - 10V<X, Ys + lOV) 


±L0 


±0.5 




±1.0 




±0.5 


% 


Ta = mm to max 


±1.5 


±1.0 




±2.0 




±1.0 


% 


Total Error vs Temperature 


±0.022 


±0.015 




±0.02 




±0.01 


%rc 


Scale Factor Error 
















(SF=10.000VNommal)^ 


±0.25 


±0.1 


±0.25 




±0.1 




% 


Temperature-Coefficient of 
















Scalmg-Voltage 


±0.02 


±0.01 


±0.2 






±0.005 


%/°c 


Supply Rejection ( ± 15V ± IV) 


±0 01 


±0.01 


±0.01 




±0.01 




% 


Nonlmeanty, X (X = 20V pk-pk, Y = lOV 


±0.4 


±0.2 ±0.3 


±0.4 




±0.2 


±0.3 


% 


Nonlmeanty , Y (Y = 20V pk-pk, X = lOV) 


±0.2 


±0.1 ±0.1 


±0.2 




±0.1 


±0.1 


% 


FeedthroughSX(Y Nulled, 
















X = 20V pk-pk 50Hz) 


±0.3 


±0.15 ±0.3 


±0.3 




±0.15 


±0.3 


% 


Feedthrough^Y(X Nulled, 
















Y = 20V pk-pk 50Hz) 


±0.01 


±0.01 ±0 1 


±0.01 




±0.01 


±0.1 


% 


Output Offset Voltage 


±5 ±30 


±2 ±15 


±5 


±30 


±2 


±15 


mV 


Output Offset Voltage Drift 


200 


100 




500 




300 


tiV/°C 


DYNAMICS 
















Small Signal BW, (Vqut = 0. Irms) 


1 


1 


1 




1 




MHz 


1% Amplitude Error (Cload = lOOOpF) 


50 


50 


50 




50 




kHz 


Slew Rate (VouT 20 pk-pk) 


20 


20 


20 




20 




V/jjis 


SetUmgTime (to 1%, AVqut = 20V) 


2 


2 


2 




2 




jts 


NOISE 
















Noise Spectral-Density SF = lOV 


0.8 


0.8 


0.8 




0.8 




jiV/Viii 


SF = 3V* 


0.4 


0.4 


0.4 




0.4 




fiV/vlfc 


Wideband Noise A = lOHz to 5MHz 


1.0 


1.0 


1.0 




1.0 




|xV/rms 


P=10HztolOkHz 


90 


90 


90 




90 




fjiV/rms 


OUTPUT 
















Output Voltage Swmg 


±11 


±11 


±11 




±11 




V 


Output Impedance (f s IkHz) 


0.1 


0.1 


0.1 




01 




n 


Output Short Cu-cuit Current 
















(Rl = 0, Ta = mm to max) 


30 


30 


30 




30 




mA 


Amplifier Open Loop Gam (f = 50Hz) 


70 


70 


70 




70 




dB 


INPUT AMPLIFIERS (X, Y and Zf 
















Signal Voluge Range (Diff . or CM 


±10 


±10 


±10 




±10 




V 


Operaimg Diff.) 


±12 


±12 


±12 




±12 




V 


Offset Voltage X,Y 


±5 ±20 


±2 ±10 


±5 


±20 


±2 


±10 


mV 


Offset Voltage Drift X,Y 


100 


50 


100 




150 




\iNrC 


Offset Voltage Z 


±5 ±30 


±2 ±15 


±5 


±30 


±2 


±15 


mV 


Offset Voltage Drift Z 


200 


100 




500 




300 


jtvrc 


CMRR 


60 80 


70 90 


60 80 




70 90 




dB 


Bias Current 


0.8 2.0 


0.8 2.0 


0.8 


2.0 


08 


2.0 


^A 


Offset Current 


0.1 


0.1 


0.1 




01 




jtA 


Differential Resistance 


10 


10 


10 




10 




Mn 


DIVIDER PERFORMANCE 


















(Zj-Z,) 


(Z2-Z1) „ 


,.„ (Z2-Z,) 




,nw (2^2-^') 






Transfer Function (X , > Xj) 


lOV .4 ' +Yi 
(X, -X2) 


^'^ (X,-X2)+Y' 


^'^ (X.-X2) 


+ Y, 


lOV -p;z rp. 

(X1-X2) 


+ Y, 




Total Error' 
















(X=10V, -10V<Z< + 10V) 


±0.75 


±0.35 


±0.75 




±0.35 




% 


(X=1V, -1V<Z< + 1V) 


±20 


±1.0 


±2.0 




±1.0 




% 


(0.1V<X<10V, - 10V<Z^10V 


±2.5 


±1.0 


±2.5 




±1.0 




% 


SQUARER PERFORMANCE 


















(X,-X2)2 ^ 


(X,-X2)2 ^ 


(X,-X2)2 ^ 




(X,-X2)2 _ 






Transfer Function 


lOV ^^^ 


lov -^z^ 


lOV ^^ 




lOV ^^ 






Total Error ( - 10V<X:£ lOV) 


±0.6 


±0.3 


±0.6 




±0.3 




% 


SQUARE-ROOTER PERFORMANCE 








+ X2 




+ X2 




Transfer Function , (Z , ^Zz) 


VlOV(Z2-Z,) +X2 


Viov(Z2-z,) +X2 


Viov(Z2-z,) 


Viov(Z2-z,) 




Total Error' (lV<Zsl0V) 


±1.0 


±0.5 


±1.0 




±0.5 




% 


POWER SUPPLY SPECIFICATIONS 
















Supply Voltage 
















Rated Performance 


±15 


±15 


±15 




±15 




V 


Operatmg 


±8 ±18 


±8 ±18 


±8 


±22 


±8 


±22 


V 


Supply Current 
















Quiescent 


4 6 


4 6 


4 


6 


4 


6 


mA 


PACKAGE OPTIONS* 
















TO-IOO(H-IOA) 


AD632AH 


AD632BH 


AD632SH 




AD632TH 






TO-116(D-14) 


AD632AD 


AD632BD 


AD632SM 




AD632TD 







NOTES 

'Figuresgivenarepercentoffull-scale, ±10V(i.e ,0.01% = ImV) 

^May be reduced down to 3V usmg external resistor between - Vs and SF 

^Irreducible component due to nonlmeanty: excludes effect of offsets. 

*Usmg external resistor adjusted to give SF = 3V. 

^See functional block diagram for definition of sections 

'See Secuon 16 for package oudme mformauon. 



Specifications sub)ect to change without notice. 

Specificauons shown in boldface are tested on all producuon umts at final electri- 
cal test. Results from those tests are used to calculate outgoing quahty levels. All 
nun and max specificauons are guaranteed, although only those shown m 
boldface are tested on all producuon units. 
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Typical Performance Curves (typical at +25°c with ±vs=i5v) 
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Figure 1. AC Feedthrough vs. Frequency 
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Figure 3. Frequency Response vs. Divider Denominator 
Input Voltage 



CHIP DIMENSIONS & PAD LAYOUT 




Figure 2. Frequency Response as a Multiplier 
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STABLE 
REFERENCE 
AND B!AS 



-O +Vs 
-O -Vs 



X2 o — |j^;>^"-~ 

::r3>- 



transfer function 

Vo = a[<XvX2;<^i-^^>-(z,-Z2)] 




HIGH GAIN 

OUTPUT 
AMPLIFIER 




Y-INPUT 
+10V FS 
±12V PK 



OUTPUT, ±12V PK 
= (X, -XzHY, -Y2) 
(SCALE = 1) 



Figure 4. AD632 Functional Block Diagram 



Figure 6. Connections for Scale-Factor of Unity 



OPERATION AS A MULTIPLIER 

Figure 5 shows the basic connection for multiplication. Note 
that the circuit will meet all specifications without trimming. 



X-INPUT 
±10V FS 
±12V PK 



Y-INPUT 
±10V FS 
±12V PK 





Xi 

X2 

Vos 

Yl 
Y2 


+Vs 

OUT 
Zi 
Z2 

-Vs 




+15V 
























1 






V 

-15V 







OUTPUT, ±12VPK 



JX,-X2)(Y,-Y^) 

10 ^2 



OPTIONAL SUMMING 
INPUT, Z, ±10V PK, 
Vos TERMINAL 
NOT USED 



Figure 5. Basic Multiplier Connection 

In some cases the user may wish to reduce ac feedthrough to 
a minimum (as in a suppressed carrier modulator) by applying 
an external trim voltage (±30mV range required) to the X or Y 
input. Curve 1 shows the typical ac feedthrough with this 
adjustment mode. Note that the feedthrough of the Y input 
is a factor of 10 lower than that of the X input and should be 
used in applications where null suppression is critical. 

The Z2 terminal of the AD632 may be used to sum an addi- 
tional signal into the output. In this mode the output amplifier 
behaves as a voltage follower with a IMHz small signal band- 
width and a 20V//US slew rate. This terminal should always be 
referenced to the ground point of the driven system, particu- 
larly if this is remote. Likewise the differential inputs should 
be referenced to their respective signal common potentials to 
realize the full accuracy of the AD632. 

A much lower scaling voltage can be achieved without any 
reduction of input signal range using a feedback attenuator as 
shown in Figure 6. In this example, the scale is such that 
VouT = XY, so that the circuit can exhibit a maximum gain of 
10. This connection results in a reduction of bandwidth to 
about 80kHz without the peaking capacitor Cp. In addition, 
the output offset voltage is increased by a factor of 10 making 
external adjustments necessary in some applications. 

Feedback attenuation also retains the capability for adding 
a signal to the output. Signals may be applied to the Zj 
terminal where they are amplified by -10 or to the com- 
mon ground connection where they are amplified by ~1. In- 
put signals may also be applied to the lower end of the 2.7kn 
resistor, giving a gain of +9. 



OPERATION AS A DIVIDER 

Figure 7 shows the connection required for division. Unlike 
earher products, the AD632 provides differential operation on 
both numerator and denominator, allowing the ratio of two 
floating variables to be generated. Further flexibility results 
from access to a high impedance summing input to Yj . As with 
all dividers based on the use of a multiplier in a feedback loop, 
the bandwidth is proportional to the denominator magnitude, 
as shown in Figure 3 . 



X INPUT 

(DENOMINATOR) 

+10V FS 

+12VPK 



TO 
200kn 

OPTIONAL -15V 
SUMMING INPUT 
±10V PK 
f 




OUTPUT, ±12V PK 
= 10<Z2-Zi) 

(X1-X2) ^ 



Z INPUT 
(NUMERATOR) 
t10VFS,±12VPK 



Figure 7. Basic Divider Connection 

Without additional trimming, the accuracy of the AD632B 
is sufficient to maintain a 1% error over a lOV to 1 V denom- 
inator range (The ADS 3 5 is functionally equivalent to the 
AD632 and has guaranteed performance in the divider and 
square-rooter configurations and is recommended for such 
applications). 

This range may be extended to 100:1 by simply reducing the 
X offset with an externally generated trim voltage (range re- 
quired is ±3.5mV max) applied to the unused X input. To 
trim, apply a ramp of +100mV to +V at lOOHz to both Xi 
and Zi (if X2 is used for offset adjustment, otherwise reverse 
the signal polarity) and adjust the trim voltage to minimize 
the variation in the output.* 

Since the output will be near +10V, it should be ac-coupled for 
this adjustment. The increase in noise level and reduction in 
bandwidth preclude operation much beyond a ratio of 100 
tol. 



♦See the ADS 3 5 Data Sheet for more details. 



6-42 ANALOG MULTiPUERS/DIVIDERS 




ANALOG 
DEVICES 



Veiy High Frequency 
Four-Quadrant Multiplier 



AD834 



FEATURES 

500MHz Large-Signal Bandwidth 

Differential ±1V Full-Scale Inputs 

Differential ±4mA Full Scale Output Current 

Low Distortion (^0.05% for lOdBm Input) 

Supply Voltages from ±4Vto ±9V 

Low Power (290mW at Vs = ±5V) 

APPLICATIONS 

High-Speed Real-Time Computation 
Wideband Modulation and Gain Control 
Signal Correlation and Power Measurement 
Voltage-Controlled Filters and Oscillators 
Linear Keyers for High Resolution Television 
Wideband True RMS 



PRODUCT DESCRIPTION 

The AD834 is a monolithic laser-trimmed four-quadrant analog 
multiplier intended for use in high frequency applications, having 
differential voltage inputs and a differential current output. The 
transconductance bandwidth (Rl = SOU) is typically 500MHz _. 
from either input. Performance is relatively insensitive to t^rti? 'i, 
perature and supply variations, due to the use of stabk b^^ni^; '(, 
based on a bandgap reference generator and otheri|l^^, i, '-^, 
features. „ ^k %,'"</" ■ 

To preserve the full bandwidth poten|iaI^|j^e %^1i-speed r?\ . 
bipolar process used to fabricate thi. ^8^^ Ihe ou|pu%.s^|Kife 
as current as a differential pai^pfi:^eilis at o^n^oliecf#rs. ' 
The transfer function is accuracy trilrime^ ^c^^ rtfi|M|.,#1ien ^;-: 
X - Y ± IV, the differential oillput isi^ml^^^^ ' ^^^|, 4^ 

In multiplier modes, the maximum total f Ascale error iW;|%f ' 
dependent on the application mode and the external circuiitf|^ A 
square-law transfer function can be achieved by connecting the 
inputs in parallel; in this mode, the AD834 can be used as a 



AD834 FUNCTIONAL BLOCK DIAGRAM 

X2 XI +Vs W1 

a □ n r-i 



J3£. 



LLi 



HSH, 



MULTIPLIER CORE 



IT 
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V/l /. \ 



.(i)= 



^H 



II 



izr 



power detectorjip to 500MHz. The AD834J is specified for use 
over the,j|^'iMl|^rcial temperature range of 0°C to + TO^C, and is 
availa^eU,,eitnir an 8-pin SO package or 8-pin cerdip. The 
24%|s if>ecified for use over the military temperature range 
^ to + 125°C, and is available in an 8-pin cerdip. 



IGHTS 

performs four-quadrant multiplication with a 



f ,x!|y^iF"^^Snal bandwidth in excess of 500MHz, 

■,,2if Multiplier static accuracy of 2% of full-scale can be achieved. 

3#Uri|cpK,5design techniques result in low output distortion 
'^'"^^It^^S^ for + lOdBm inputs). 

%;;,^' tow power consumption (290mW at ± 5V supplies). 

5 . Differential current outputs ensure maximum usable bandwidth 
is available. 

6. Laser-trimmed offsets and scale. 
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SPECIFICATIONS 



(Ta = + 25*1; and ± Vs = ± 5V, unless otherwise noted) 







AD834J 


AD834S 




Model 


Conditions 


Min Typ Max 


Min Typ Max 


Units 


INPUT (XI, X2,Y1,Y2) 










FuU-Scale Range 


Differential 


±1 


±1 


V 


Clipping Level 


Differential 


±1.2 ±1.4 


±L2 ±1.4 


V 


Input Resistance 


Differential 


15 25 


15 25 


kn 


Offset Voltage 


X1,X2,Y1,Y2 = 


0.5 5 


0.5 5 


mV 


vs. Temperature 


TnuntoTmax 


10 


10 20 


jxV/°C 


vs. Supplies^ 


+ Vsto-Vs 


25 


25 


[xNfV 


Bias Current 




45 


45 


}xA 


Common-Mode Rejection 


f^lOOkHz 


70 


70 


dB 


Distortion^ 


f= lOkHz 










X- +10dBm,Y= IV 


-66 


-66 


dB 




X = 1V,Y= +10dBm 


-55 


-55 


dB 


OUTPUTS (W1,W2) 










Zero-Signal Current 


Each Output 


8-5 


8.5 


mA 


Differential Offset 


X-0,Y = 


±10 ±%J. 


±10 ±50 


KiA 


vs. Temperature 
FuU-Scale Output 


TnuntoT^ax 

Differential 

XI = Yl= +1V 


1 ,^f^%'"^ 


±4 


M,A/°C 
mA 




X2 = Y2 - OV 






FuU-Scale Accuracy 




....;;, ±0-1 ^1 


%FS 


Peak Output 


Differential 
X = Y=±2V 




± 16 


mA 


Output Compliance 




4.75 9 


V 


MULTIPLIER PERFORMANCE 










Transfer Function 


(Figures) 


VouT=XY/lV 




Total Error^ 


nif^x,Y< + iy . 


2 


%FS 


vs. Temperature 
vs. Supplies' 


T^otoTmax 

+ Vsto-Vs ., 


TBD 
TBD 


%FS/°C 
%FSA^ 


ACFeedthrough^ 


Sine Input 


'^;. ':'-'' '■^' 






X=±1V,Y = 


f = lOkHz 


'hr _54 


-54 


dB 




f = lOMHz 


-50 


-50 


dB 


X = 0,Y=±1V 


f = lOkHz 


-66 


-66 


dB 




f = lOMHz 


-50 


-50 


dB 


Noise Spectral Density 


f-lOkHztolMHz 


TBD 


TBD 


nV/VHi 


Wideband Noise 


f=10HztolOOMHz 


TBD 


TBD 


Vrms 


POWER SUPPLIES 










Rated Performance 




±5 


±5 


V 


Operating Range 




4 9 


4 9 


V 


Quiescent Current^ 


TnuntoTmax 








+ Vs 




10 


10 


mA 


-Vs 




29 


29 


mA 


TEMPERATURE RANGE 










Commercial (0°C to + 70°C) 




AD834JR,AD834JQ 






Military (-55°C to + 125°C) 






AD834SQ 




PACKAGE OPTIONS^ 










Small Outline (R-8) 




AD834JR 






Cerdip(Q-8) 




AD834JQ 


AD834SQ 





NOTES 

'Either supply taken separately; sinusoidal input at f=s lOkHz. 
^Specified in a 50n system. 

^Error is defined as the maximum deviation from the ideal output, and expressed as a percentage of the full-scale output. 
'^Relative to full-scale output (X = 1 V or Y = IV); zero-input port nulled. At lOkHz, feedthrough is predominantly nonlinear residues. 
At frequencies above lOMHz, it is largely determined by inevitable stray capacitances. 

^Negative supply current is approximately equal to the sum of the positive supply current and the signal currents into each output, W 1 and W2 . 
^See Section 16 for package outline information. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from these tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ( + Vs to -Vs) + 16V 

Internal Power Dissipation 500mW 

Input Voltages (XI, X2,Y1,Y2) ±Vs 

Operating Temperature Range 

AD834J 0°C to 4-70°C 

AD834S -55°Cto + 125°C 

Storage Temperature Range -65°Cto + 150°C 

Lead Temperature, Soldering 60sec + 300°C 

NOTE 

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



CONNECTION DIAGRAM 

8-Pin Cerdip (Q) Package 
Small Outline (R) Package 



Y2 [T_ 

-Vs \T 

W2 pT 



■v>^ 



AD834 

TOP VIEW .,p' 
(Not to Sgaie) >??*„; 





NOTES 

R1,R2 SHOULD BE PRECISION TYPE 

RESISTORS (±0 1%) 

ABSOLUTE VALUE ERRORS OF R1,R2 WILL 

CAUSE A FACTOR ERROR R1, R2 

MISMATCHES WILL BE EXPRESSED 

AS LINEARITY ERRORS 




re 1. Low Frequency Multiplier Test Circuit 



\TION 

1 is a functional equivalent of the AD834. There are 
Ihree differential signal interfaces: the voltage inputs X = X1 -X2 

and0|; Yl - Y2, and the current output, W = Wl - W2, which 
|lbw§^%e direction shown when X and Y are positive. The 
i^tpiils Wl and W2 each have a standing current of typically 
8:1mA ± 15%. 

The input voltages are first converted to differential currents 
which drive the translinear core. The equivalent resistance of 
the voltage-to-current (V-I) converters is about 285ft. This low 
value results in low input-related noise and drift. However, the 
low full-scale input voltage results in relatively high nonlinearity 
in the V-I converters. This is significantly reduced by the use of 
distortion cancellation circuits which operate by Kelvin-sensing 
the voltages generated in the core-a unique feature of the 
AD834. 

The current-mode output of the core is amplified by a special 
cascode stage which provides a current gain of nominally 1.6, 
trimmed during manufacture to set up the full-scale output 
current of ±4mA. This output appears at a pair of open collectors 
which must be supplied with a voltage slightly above the positive 
supply on Pin 6. As shown in Figure 3, this can be arranged by 
inserting a resistor in series with the supply to this pin and 
taking the load resistors to the full supply. With R3 = 60ft, the 
voltage drop across it is about 600mV. Using two 50ft load 
resistors, the full-scale differential output voltage is ± 400m V 
(about +2dBm for a sinusoidal waveform). 
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minimize crosstalk the input pins closest to the output (XI and 
Y2) optionally may be grounded; the effect is merely to reverse 
the phase of the X input and thus alter the polarity of the 
output. 

TRANSFER FUNCTION - The output current W is the linear 
product of input voltages X and Y divided by (IV)^ and multiplied 
by the "scaling current'* of 4mA: 



W 



XY 



4mA 



nr 



Figure 2. AD834 Functional Blocic Diagram 

The full bandwidth potential of the AD834 can only be realized 
when very careful attention is paid to grounding and decoupling. 
The device must be mounted close to a high-quality ground/ 
plane and all lead lengths must be extremely short, in keeping 
with UHF circuit layout practice. In fact, the AD834 shows 
useful response to well beyond IGHz, and the actual upper ,4^^ 
frequency in a typical application will usually be detern]yi^e4 % 
the care with which the layout is effected. Note thaj r4^»i ; , 
series with the -Vs supply) carries about 30mA, atti^ lilies 
introduces a voltage drop of about 150mV. X%, is n&de; large 
enough to reduce the Q of the resonant circuit formed by,tti^; , 
supply lead and the decoupling cgpaqitorV Slightly \2X^v,^n^^ 
can be used, particularly wh|^ Using higher supply voltiigesV 
Alternatively, lossy RF chok%;or ferrite be^^s ottjxlie supply ,; ; 
leads may prove effective. 



(1V)2 

Provided that it is understood that the inputs are specified in 
volts, a simplified expression can be used: 

W = (XY) 4mA 

Alternatively, the full transfer function can be written: 
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Figure 3. Basic Connections for Wideband Operation 

Figure 3 shows the use of optional termination resistors at the 
inputs. Note that although the resistive component of the input 
impedance is quite high (about 25kft), the input bias current of 
typically 45|xA can generate quite significant offset voltages if 
not compensated. For example, with a source and termination 
resistance of 50ft (net source of 25ft) the offset would be 
25ftx45|xA = 1.125mV. This can be almost fully cancelled by 
including (in this example) another 25ft resistor in series with 
the "unused" input (in Figure 3, either X2 or Y2). In order to 



Wh^|^i:l^;h f%uts are driven to their clipping level of about 
L^vflli^igeaK output current is roughly doubled, to ±8mA, 
",i%)rtion levels will then be very high. 



'v:|;i^^lN[SF( 



ER COUPLING 

•feijuency applications where baseband operation 

1$ Tioi, r|iquifed at either inputs or output, transformer coupling 

l*,^|,p used. Figure 4 shows the use of a center-tapped output 

%ransformer, which provides the necessary dc load condition at 

the |f^||)uts Wl and W2, and is designed to match into the 
,4|iesif|j^|i|ad impedance by appropriate choice of turns ratio. 
Iphe Specific choice of the transformer design will depend entirely 
oii the application. Transformers may also be used at the inputs. 
Center-tapped transformers can reduce high-frequency distortion 
and lower HF feedthrough by driving the inputs with balanced 
signals. 



A 



X INPUT < OPTIONAL 

nrce S TERMINATION 
±lVPb f RESISTOR 




^IIC 



Y-INPUT < OPTIONAL 
^IVFS 5 TERMINATION 
"^ RESISTOR 



y-^ 






I 

<7 



Figure 4. Transformer- Coupled Output 

A particularly effective type of transformer is the balun, which 
is a short length of transmission line wound on to a toroidial 
ferrite core. Figure 5 shows this arrangement used to convert 
the *baranced output to an *un'-balanced one (hence the use of 
the term). Although the symbol used is identical to that for a 
transformer, the mode of operation is quite different. In the 
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first place, the load should now be equal to the characteristic 
impedance of the line, although this will usually not be critical 
for short line lengths. The collector load resistors Re may also 
be chosen to reverse-terminate the Hne, but again this will only 
be necessary when an electrically long line is used. In most 
cases, Re will be made as large as the dc conditions allow, to 
minimize power loss to the load. The line may be a miniature 
coaxial cable or a twisted pair. 



<7 



V OPTIONAL 

> TERMINATION 

( RESISTOR 
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V OPTIONAL 
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<7 



Figure 5. Using a Balun at tfie Oi 

It is important to note that the upperj 

balun is determined only by the ( 

hence, it will usually exceed ttfi'tl 

a conventional transformer, wl»e 1 

flux in a magnetic core, and is lifnited 4 

inductance. The lower limit on bandwidti 

series inductance of the line, taken as a whole, and the Id 

resistance (if the blocking capacitors C are sufficiently large). In 

practice, a balun can provide excellent differential-to-single-sided 

conversion over much wider bandwidths than a transformer. 

WIDEBAND MULTIPLIER CONNECTIONS 

Where operation down to dc and a ground-based output are 
necessary, the configuration shown in Figure 6 can be used. 



The element values were chosen in this example to result in a 
full-scale output of ± IV, so the overall multiplier transfer function 
is 

W = (X1-X2)(Y1-Y2) 

where it is understood that the inputs and output are in volts. 
The polarity of the output can be reversed simply by reversing 
either the X or Y input. 

The op amp should be chosen to support the desired output 
bandwidth. The AD842 and AD5539 may be used in wideband 
applications - the former providing about 50MHz of usuable 
bandwidth. Many other choices are possible where lower post-. 
multiplication bandwidths are acceptable. The level-shifting 
network places the input nodes of the op amp to within a few 
hundred millivolts of ground using the recommended balanced 
supplies. The output offset may be nulled, either by use of a 
lOOft trimpot included between each of the lower pair of resistors 
(4.7kn) and thu negative supply, or by the use of an adjustment 
m pins. 

altered so that the output is ± lOV full scale 
125ft feedback resistors to 1.25kftk, raising the 
to the op amp to ± 15V, and optionally raising 
r^istors to 100ft. As always, attention to power 
is essential for stable wideband operation. 

AND SQUARING OPERATION 

'834 can be used as a signal squarer by connecting the X 
ts in parallel, as shown in Figure 7, which shows the 
|Ut Sfai!|ed to provide a 50ft termination to the source, 
us^ a pair of 100ft resistors in a symmetrical layout to reduce 
le effect of resistor lead inductance. Minimum lead lengths and 
direct routes to the ground plane are important. The 50ft resistors 
included in series with the XI and Y2 pins reduce offset voltages 
generated by the input bias currents. 

The same output system as used for the wideband multiplier is 
used here, and similar measures may be taken to alter the scaling 
factor and deal with output offset. Alternatively, one of the 
several transformer-coupled arrangements may be used. 
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Figure 6. Wideband dc-Coupled Multiplier with ±1V Output 



Figure 7. Wideband Squarer Connection 
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POWER MEASUREMENT (MEAN-SQUARE) 

The wide bandwidth of the AD834 makes it well suited to measure- 
ment of power, either as a multipHer for the determination of 
the average V x I product, or as a squarer for use with a single 
input. In these applications, the AD834 is followed by some 
sort of low-pass filtering to extract the long-term average value. 
If the first pole of this filter is formed by the addition of capacitors 
placed directly at the output Pins Wl and W2, the effective 
multiplication or squaring bandwidth can be limited solely by 
the AD834, since the following active circuitry is required to 
process only low-frequency signals. 

Figure 8 shows a general configuration which can be adapted to 
suit a variety of scaling needs. The load resistors Rl are chosen 



to result in minimal low-frequency voltage variation at the output 
nodes Wl and W2, consistent with also achieving low drift in 
the following subtraction stage formed by the op amp Ul and 
resistor pairs R2 and R3. The first pole is formed by Rl and 
CI, the second by R3 and C2. Extreme care must be taken in 
the layout of the circuit near the input and in the placement of 
the capacitors CI; these will dominate the high-frequency 
behavior of the circuit, which, under favorable conditions, will 
extend to beyond IGHz. Representative values are Rl = SIH, 
R2 = 430kn, R3 = IMH, CI = l|xF ceramic in parallel with 
(physically-smaller) 0.01 jjlF capacitors, C2 = 0.01 |jlF. The op 
amp may be an AD711; for maximum accuracy at the low end 
of the dynamic range, use the offset-nulling pins of the op amps. 




^ 5011 



AD834 







4.7 



+ 6V 
MEAN-SQUARE 
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Figure 8. Connections for Extracting tlie Mean-Square 
Output 
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Orientation 

Log/Antilog Amplifiers 



The devices catalogued in this section include complete, self- 
contained modules that provide output voltage proportional to 
the logarithm or the antilogarithm (exponential) of an input 
quantity. These modules operate on the instantaneous values of 
inputs from dc to an upper cutoff frequency well below IMHz. 

Also included is the AD9521 monolithic wideband ac logarithmic 
amplifier with about 12dB of gain, pin compatible with the 
Plessey SL521 and SL1521. Wideband log amplifiers are cascaded 
to form "strips" with gains of 90dB and more - depending on 
input amplitude - over a wide dynamic range, for frequencies 
typically in the range of 7MHz to 250MHz. 

LOGS AND LOG RATIOS 

In the logarithmic mode, the ideal output equation is 



Eo = -Klogio 



1^1 



Eo can be positive or negative; it is zero when the ratio is unity, 
i.e., Ijn = Iref- K is the output scale constant; it is equal to the 
number of output volts corresponding to a decade* change of 
the ratio. In the 755 and 759 log amplifiers, K is pin programmable 
to be either IV, 2V or 2/3V, or externally adjustable to any 
value ^2/3V; in the model 757 log-ratio amplifier, K may be 
either a preset value of IV or an arbitrary value adjustable by an 
external resistance ratio. 

lin is a unipolar input current within a 6-decade range (InA to 
1mA); it may be applied directly, as a current, or derived from 
an input voltage via an input resistor (in which case, the ratio 
becomes E,n/(RinIref) = Eui/Eref. In models 755 and 759, the 
magnitude of Iref is internally fixed at 10|xA (Eref = O.IV) or 
externally adjusted; but model 757 is log-ratio amplifier, in 
which both I,n and Iref (or Em and Eref j using external scaling 
resistors) are input variables. 

Each of the log amplifiers is available as a "P" or "N" option^ 
depending on the polarity of the input voltage. Logarithms may 
be computed only for positive arguments, therefore the reference 
current must be of appropriate polarity to make the ratio positive. 
"N" indicates that the input current (or voltage) for the log 
mode is positive; "P" indicates that only negative voltage or 
current may be applied in the log mode. The polarity of K also 
differs: K is positive for "N" versions and negative for "P" 
versions. Thus, + lOV applied to model 759N, with K = + IV, 
would produce an output voltage, Eo = - IV log (100) = -2V; 
on the other hand, - lOV applied to model 759P with K = IV, 
would produce an output voltage, Eq = -(- IV) log (100) 
= +2V. The figure shows, in condensed form, the outputs of 
P and N log amps, with differing K values, for both voltage and 
current inputs, plotted on a semi-log scale. 

Log amplifiers in the log mode are useful for applications requiring 
compression of wide-range analog input data, linearization of 
transducers having exponential outputs and analog computing, 



*A decade is a 10:1 ratio, two decades is 100:1, etc. For example, if 
K = 2, and the ratio is 10, the magnitude of the output would be 2V, 
and its polarity would depend on whether the ratio were greater or 
less than unity. If the input signal then changed by a factor of 1,000 
(3 decades), the output would change by 6V. 



ranging from simple translation of natural relationships in log 
form (e.g., computing absorbence as the log ratio of input cur- 
rents), to the use of logarithms in facilitating analog computation 
of terms involving arbitrary exponents and multiterm products 
and ratios. 





MODEL 755N 
+INPUT CURRENT 

> 



Log of Current 




Log of Voltage 

Output vs. Input of Model 755N & 755P in Log Connection 
(Log Input Scales), Showing Voltages, and Polarity Relationships 

ANTILOGS 

In the antilogarithmic (exponential) mode, the ideal output equation 
is 



Eo = Eref (10) 



-E,JK 



E,n can be positive or negative; when it is zero, Eo = Eref. However, 
Eo is always of single polarity, positive for "N" versions, negative 
for "P" versions. Thus, for 759P, connected for K = -2V, if 
Ein = +4V, and Eref = -O.IV, then Eo = -0.1V-10~^^"^ or 
-lOV. IfEin = -4V,thenEo = -0.1V-10~^~'*^^~2 ^ -imV. 
The figure on the next page shows in condensed form, the 
outputs of P and N log amps, connected for antilogarithmic 
operation, with different K values. 

Antilog amplifiers are useful for applications requiring expansion 
of compressed data, linearization of transducers having logarithmic 
outputs, analog function fitting or function generation, to obtain 
relationships or generate curves having voltage-programmable 
rates of growth or decay, and in analog computing, for such 
functions as compound multiplication and division of terms 
having differing exponents. 
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(LINEAR) 



Antilog Operator Response Curves, Semilog Scale 
Eo = EnEFl0''f^^-'< 

LOG-ANTILOG AMPLIFIER PERFORMANCE 

Considerable information regarding log- and antiiog-amplifier 
circuit design, performance, selection and applications is to be 
found in the Nonlinear Circuits Handbook^. Several salient points 
will be covered here, and specifications will be defined. 

A log/antilog amplifier consists of an operational amplifier and 
an element with antilogarithmic transconductance (i.e., the 
voltage into the element produces a current that is an exponential 
function of the voltage). As the figure shows, for logarithmic 
operations, the input current is applied at the op-amp summing 
point, and the feedback circuit causes the amplifier output to 
produce whatever voltage is required to provide a feedback 
current that will exactly balance the input current. 

In antilog operation, the input voltage is applied directly to the 
input of the antilog element, producing an exponential input 
current to the op-amp circuit. The feedback resistance transduces 
it to an output voltage. 

The wide range of log/exponential behavior is made possible by 
the exponential current- voltage relationship of transistor base- 
emitter junctions, 

I = I^(eqV/kT _ 1) ^ i^^qV/kT 

and V = (kT/q) In (I/U 

where I is the collector current, Iq is the extrapolated current 
for V = 0, V is the base-emitter voltage, q/k (11,605 K/V) is 
the ratio of charge of an electron to Boltzmann's constant and T 
is junction temperature in kelvins. In log/antilog devices, two 
matched transistors are connected so as to subtract the junction 
voltages associated with the input and reference currents, making 
the ratio independent of Iq's variation with temperature. 

AV = (kT/q) In (Ii„/Io) - (kT/q) In (I^ef/Io) 

= (kT/q)(ln lin - In I^ef) + (kT/q)(ln lo - In !«) 
= (kT/q) In (Ii„/Iref) 

^Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976, 
536pp, edited by D. H. Sheingold, $5.95; send check or complete 
MasterCard data to P.O. Box 796, Norwood, MA 02062 
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a) Log/Antilog Amplifier Connected in the Log Mode (K = 1) 
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b) Log/Antilog Amplifier Connected in the Exponential Mode 

The temperature dependence of gain is compensated for by a 
resistive attenuator that uses a temperature-sensitive resistor for 
compensation. The attenuator also produces amplification of K 
to the specified nominal values, e.g., from the basic 59mV/decade, 
(kT/q) hilO at room temperature, to IV/decade. 
Errors are introduced by the offset current of the amplifier (and 
the offset voltage) for voltage inputs; by inaccuracy of the reference 
current (or the effective reference voltage, for voltage inputs) in 
fixed-reference devices; and by inaccuracy of setting K. Additional 
errors are introduced by drift of these parameters with temperature. 
At any temperature, if these parameters are nulled out, there 
remains a final irreducible difference between the actual output 
and the theoretical output, called log-conformity error, which is 
manifested as a "nonlinearity" of the input-output plot on semilog 
coordinates. Best log conformity is realized away from the ex- 
tremities of the rated signal range. For example, log-conformity 
error of model 755 is ± 1% maximum, referred to the input, 
over the entire 6-decade range from InA to 1mA; but it is only 
±0.5% maximum over the 4-decade range from lOnA to 100|xA. 
A plot of log conformity error for model 759 is shown on the 
following page. 

Errors occurring at the input, and log-conformity errors, can 
only be observed at the output, but it is useful to refer them to 
the input (RTI). Equal percentage errors at the input, at whatever 
input level, produce equal incremental errors at the output, for 
a given value of K. For example, if K = 1, and the RTI log- 
conformity error is +1%, the magnitude of the output error 
will be 

Error = Actual output - ideal output 

= lV-log(1.01 I/Iref) - IV-log (I/Iref) 

= IV-log 1.01 = 0.0043V =4.3mV 
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Log Conformity Error for Models 759N and 759P 

If, in this example, the input range happens to be 5 decades, 
the corresponding output range will be 5 volts, and the 4.3mV 
log-conformity error, as a percentage of total output range, will 
be less than 0.1%. Because this ambiguity can prove confusing 
to the user, it is important that a manufacturer specify whether 
the error is referred to the input or the output. The table below 
indicates the conversion between RTI percentage and output 
error-magnitudes, for various percent errors, and various values 
ofK. 

LOG OUTPUT ERROR (mV) 
% ERROR RTI K=1V K = 2V K = (2/3)V 



0.1 


0.43 


0.86 


0.28 


0.5 


2.2 


4.3 


1.4 


1.0 


4.3 


8.6 


2.9 


2.0 


8.6 


17 


5.7 


3.0 


13 


26 


8.6 


4.0 


17 


34 


11 


5.0 


21 


42 


14 


10.0 


41 


83 


28 



For antilog operations, input and output errors are 
interchanged. 

To arrive at the total error, an error budget should be made up, 
taking into account each of the error sources, and its contribution 
to the total error, over the temperature range of interest. 

Dynamic response of log amps is a function of the input level. 
Small-signal bandwidths of ac input signals biased at currents 
above 1|jlA tend to be roughly comparable. However, below 
l|xA, bandwidth tends to be in rough proportion to current 
level. Similarly, rise time depends on step magnitude and direc- 
tion - step changes in the direction of increasing current are 
responded to more quickly than step decreases of current. 



DEFINITIONS OF SPECIFICATIONS 

Log-Conformity Error: When the parameters have been adjusted 
to compensate for offset, scale-factor and reference errors, the 
log-conformity error is the deviation of the resulting function from 
a straight line on a semilog plot over the range of interest. 

Offset Current (Iqs) is the bias current of the amplifier, plus any 
stray leakage currents. This parameter can be a significant source 
of error when processing signals in the nanoampere region. Its 
contribution in antilog operation is negligible. 

Offset Voltage (Eos) depends on the operational amplifier used 
for the log operation. Its effect is that of a small voltage in 
series with the input resistor. For current-logging operations, 
with high-impedance sources, its error contribution is negligible. 
However, for voltage logging, it modifies the value of Vin. Though 
it can be adjusted to zero at room temperature, its drift over the 
temperature range should be considered. In antilog operation, 
Eos appears at the output as an essentially constant voltage; its 
percentage effect on error is greatest for small outputs. 

Reference Current (Iref) is the effective internally-generated current- 
source output to which all values of input current are compared. 
Iref tolerance appears as a dc offset at the output; it can be adjusted 
towards zero by adjusting the reference current, adding a voltage 
to the output by injecting a current into the scale-factor attenuator 
or simply by adding a constant bias at the output's destination. 

Reference Voltage (Eref) is the effective internally generated voltage 
to which all input voltages are compared. It is related to Iref by 
the equation: Eref = IrefRmj where Ru, is the value of input 
resistance. Typically, Iref is less stable than Rin; therefore, 
practically all the tolerance is due to Iref. 

Scale Factor (K) is the voltage change at the output for a decade 
(i.e., 10:1) change at the input, when connected in the log mode. 
Error in scale factor is equivalent to a change in gain, or slope 
(on a semilog plot), and is specified in percent of the nominal 
value. 

WIDEBAND (AC) LOGARITHMIC AMPLIFIERS 

Amplifiers in the class of the AD9521 are essentially limiting 
amplifiers, providing high gain for small signals and low gain for 
large signals. They accept high-frequency ac signals (7MHz to 
250MHz) and provide two amplified outputs: a radio-frequency 
output (voltage) and a nonlinearly detected output (current). 
The amphfication characteristic (current output vs. rf input) on 
a semilog scale is S-shaped, starting with zero slope, increasing 
to a linear slope, then soft-saturating (with a shght overshoot). 

They are used in strips, or cascades, of n (for example, 6 to 9) 
stages, with the rf output of one unit becoming the input of the 
next, thus multiplying their gains. The nonlinearly detected (or 
video) outputs are connected together for current summation. 

The resulting output-vs. -input characteristic (semilog scale) is 
S-shaped, with a lengthy log-Hnear region whose extent depends 
on the nxmiber of stages (about 12dB per device). Once an 
amplifier saturates, its contribution to the sunmiation is fixed; 
thus, the maximum output for large signals is n times the output 
of one device. The maximum dynamic range has been realized 
when the number of stages, «, is such that the input-stage noise 
alone produces full output from the last stage. 
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ANALOG 
DEVICES 



250MHz Wideband 
Logarithmic Amplifier 



AD9521 



FEATURES 

250MHz Bandwidth 

Monolithic Construction 

Low Noise Figure 4.7dB 

Excellent Detected Output Matching 

Direct Replacement for SL521/SL1521 

APPLICATIONS 

Missile Guidance 

Electronic Warfare (ECM, ECCM, ESM) 

Miniaturized LOG Strips 

Nuclear Instrumentation 



PIN DESIGNATIONS 

OUTPUT GROUND 




INPUT GROUND 



DETECTED OUTPUT 



GENERAL DESCRIPTION 

The AD9521 is a wideband amplifier stage with a logarithmic 
detected output. The high-performance bipolar process used to 
construct the AD9521 allows operation from lOMHz to 250MHz 
with minimal gain variation. The AD9521 is pin compatible 
with the SL521 and the SL1521. 

The AD9521 is constructed in a well controlled monoUthic 
process which provides very good gain tolerance (± 1.5dB)over 
the full performance range. An added benefit of the high gain 
tolerance is a high degree of detected output current matching 
from device to device. The matching combined with the low 
4dB noise figure allows the construction of 80dB to 90dB dynamic 
range LOG strips with better than ± IdB linearity. 

The AD9521 is offered in two gain tolerance grades as both a 
commercial temperature range device, to + 70°C, and as an 
extended temperatiure range device, - 55*'C to + 125°C. All 
grades are available packaged in 8-pin TO-99 metal cans with 
the military grades also available packaged in ceramic LCC. 
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ORDERING INFORMATION 





Detected Output 






Package 


Device 


Matching 


Temperature Range 


Description 


Options* 


AD9521JH 


0.2mA 


0to+70°C 


8-Pin Can, Industrial 


H-08A 


AD9521KH 


0.1mA 


0to4-70°C 


8-Pin Can, Industrial 


H-08A 


AD9521SE 


0.2mA 


-55°Cto + 125°C 


20-Pin LCC, Extended Temperature 


E-20A 


AD9521SH 


0.2mA 


-55°Cto + 125°C 


8-Pin Can, Extended Temperature 


H-08A 


AD9521TE 


0.1mA 


-55°Cto + 125°C 


20-Pin LCC, Extended Temperature 


E-20A 


AD9521TH 


0.1mA 


-55°Cto + 125°C 


8-Pin Can, Extended Temperature 


H-08A 



^ See Section 16 for package outline information. 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS^ 

Supply Voltage ( + Vs) +9V 

Differential Voltage Between Grounds 0.5V 

Maximum Input Before Overload 1.9V rms 

Instantanious Voltage at the Detected 

Video Output 12V 

RF Output Current 10mA 

Power Dissipation 500mW 



Operating Temperature Range^ 

AD9521JH/KH to +70''C 

AD9521SE/SHA'E/TH -55°Cto +125X 

Storage Temperature Range - 55*0 to + 150°C 

Junction Temperature + 175°C 

Lead Soldering Temperature (lOsec) ^-SOO^C 



ELECTRICAL CHARACTERISTICSisupp^voHages 


= + 6V; INPUT connected to BIAS pin; Rs = 


5011; Cl^ 


8pF, unless othenvisestatec 










Industrial Temp. Range 






Military Temp. Range 








Mil' 
Sub 








0to+70°C 








_ 


55»Cto+125°C 








AD9521JH 


AD9521KH | 


AD9521SE/SH | 


AD9521TE/TH | 




Parameter 


Group 


Temp 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


AC PERFORMANCE 
































Voltage Gain (fiN = 30MHz) 


7 


+ 25°C 


11.5 


12.2 


12.5 


11.5 


12.2 


12.5 


11.5 


12.2 


12.5 


11.5 


12.2 


12.5 


dB 




8 


Full 


11.0 




13.0 


11.0 




13.0 


11.0 




13.0 


II.O 




13.0 


dB 


Voltage Gain (frN = 60MHz) 


7 


+ 25°C 


12.0 


12.8 


13.0 


12.0 


12.8 


13.0 


12.0 


12.8 


13.0 


12.0 


12.8 


13.0 


dB 




8 


Full 


11.7 




13.7 


11.7 




13.7 


11.7 




13.7 


11.7 




13.7 


dB 


Voltage Gain (fm = 120MHz) 


7 


+ 25°C 


12.2 


13.0 


13.8 


12.2 


13.0 


13.8 


12.2 


13.0 


13.8 


12.2 


13.0 


13.8 


dB 




8 


Full 


11.5 




14.5 


11.5 




14.5 


11.5 




14.5 


11.5 




14.5 


dB 


Voltage Gain (fiN = I60MHz) 


7 


+ 25°C 


12.7 


13.4 


14.2 


12.7 


13.4 


14.2 


12.7 


13.4 


14.2 


12.7 


13.4 


14.2 


dB 




8 


Full 


11.5 




14.5 


11.5 




14.5 


11.5 




14.5 


11.5 




14.5 


dB 


Input Capacitance 




+ 25°C 




6 






6 






6 






6 




pF 


Noise Figure"* 


12 


+ 25°C 




4.7 


4.9 




4.7 


4.9 




4.7 


4.9 




4.7 


4.9 


dB 


Gain Variation vs. Temperature^ 




FuU 




0.67 






0.67 






0.67 






0.67 




dB 


Gain Variation vs. Supply^ 


7,8 






0.74 


1.15 




0.74 


1.15 




0.74 


1.15 




0.74 


1.15 


dBA^ 


Frequency Response 
































Upper Cutoff Frequency 


7 
8 


+ 25°C 
Full 


230 
200 


245 




230 
200 


245 




230 
200 


245 




230 
200 


245 




MHz 
MHz 


Lower Cutoff Frequency 


7,8 


Full 




7 


10 




7 


10 




7 


10 




7 


10 


MHz 


DETECTED VIDEO OUTPUT 
































Output Current @ 60MHz (Max)^ 


7 


+ 25° 


0.90 


1.02 


1.10 


0.95 


1.02 


1.05 


0.90 


1.02 


1.10 


0.95 


1.02 


1.05 


mA 




8 


FuU 


0.80 




1.20 


0.85 




1.15 


0.80 




1.20 


0.85 




1.15 


mA 


(80% Input Level)* 


7 


+ 25°C 


0.70 


0.82 


0.90 


0.75 


0.82 


0.85 


0.70 


0.82 


0.90 


0.75 


0.82 


0.85 


mA 


(No Input)' 


7 


+ 25°C 




0.02 


0.04 




0.02 


0.04 




0.02 


0.04 




0.02 


0.04 


mA 


Output Current @ 120MHz (Max)' 


7 


+ 25°C 


0.68 


0.79 


0.90 


0.73 


0.79 


0.85 


0.68 


0.79 


0.90 


0.73 


0.79 


0.85 


mA 




8 


Full 


0.57 




0.91 


0.68 




0.90 


0.57 




0.91 


0.68 




0.90 


mA 


(80% Input Level)* 


7 


+ 25°C 


0.66 


0.76 


0.86 


0.71 


0.76 


0.81 


0.66 


0.76 


0.86 


0.71 


0.76 


0.81 


mA 


(No Input)' 


7 


+ 25°C 




0.02 


0.04 




0.02 


0.04 




0.02 


0.04 




0.02 


0.04 


mA 


Detected Output Variation vs. Supply^ 


7 


+ 25°C 




28 


30 




28 


30 




28 


30 




28 


30 


%/W 


Detected Output vs. Temperature^ 




Full 




9 






9 






9 






9 




% 


RFOUTPUT^'^ 
































Maximum RF Output Voltage 




+ 25°C 




1.6 






1.6 






1.6 






1.6 




Vp-p 


RF Output Propagation Delay 




+ 25°C 




1.4 






1.4 






1.4 






1.4 




ns 


POWER SUPPLY^" 
































Supply Current ( + 6.0V) 


1 
2,3 


+ 25°C 
FuU 




14.0 


16.0 
16.5 




14.0 


16.0 
16.5 




14.0 


16.0 
16.5 




14.0 


16.0 
16.5 


mA 
mA 


Nominal Power Dissipation 




+ 25°C 




84 






84 






84 






84 




mW 



NOTES 

'Absolute maximum ratings are limitmg values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 
^Typical thermal impedance . . . 

AD9521 Metal Can. ejA= 185°C/W;ejc = 50°C/W 

AD952 1 LCC Oja = 80°C/W; Ojc = 50°C/W. 

^Military subgroups apply to mibtary qualified devices only. 



*Rs = 450n; 60MHz. 
'AiN = 60MHz. 

^Measured at ±5% of +Vs; Ain = 60MHz. 
^Input = 0.5V rms. 
*Input = 0.09V rms. 
'Input = O.OV rms. 
'^Supply voltage should remain stable within ± 5% for normal operation. 

Specifications subject to change without notice. 



EXPLANATION OF GROUP A MILITARY SUBGROUPS 

Subgroup 1 - Static tests at +25°C. Subgroup 5 - Dynanuc tests at max rated operating temp Subgroup 9 - Switching tests at +25°C 

Subgroup 2 - Static tests at max rated operating temp Subgroup 6 - Dynamic tests at min rated operating temp Subgroup 10 - Switching tests at max rated operating temp. 

Subgroup 3 - Static tests at mm rated operating temp. Subgroup 7 - Fimcuonal tests at + 25°C. Subgroup 1 1 - Switching tests at mm rated operating temp. 

Subgroup 4 - Dynamic tests at +25°C. Subgroup 8 - Funcuonal tests at max arid min rated Subgroup 12 - Periodically sample tested. 

operating temp 
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FUNCTIONAL DESCRIPTION 



PIN NAME 

CASE 

+ Vs 

RF OUTPUT 

DETECTED OUTPUT 

INPUT GROUND 

INPUT 
BIAS 

OUTPUT GROUND 



DESCRIPTION 

Case connection for the TO-99 metal can package only. 

Positive supply terminal, nominally +6.0V. 

The RF OUTPUT is used to drive subsequent LOG detection stages. The RF OUTPUT 

level is roughly + 12dB above the IF signal strength at the input. 

The DETECTED OUTPUT provides a dc current logarithmicly proportional to the IF 

signal level at the input. 

Isolated input ground connection. The input and output groimds should be connected together 

near the AD9521. 

IF signal input. 

The BIAS connection is tied to the INPUT pin to provide an adequate biasing level between 

ac coupled stages. The bias connection should be omitted between direct dc coupled stages. 

Isolated output ground connection. The input and output grounds should be connected 

together near the AD9521. 



SCHEMATIC 




DIE LAYOUT AND MECHANICAL INFORMATION 




Die Dimensions 86x97x 15 (±2) mils 

Pad Dimensions 4x4 mils 

Metalization Aluminum 

Backing None 

Substrate Potential - Vs 

Passivation Oxynitride 

Die Attach Gold Eutectic 

Bond Wire 1.25 mil Aluminum; Ultrasonic Bonding 

or Imil Gold; Gold Ball Bonding 
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TYPICAL LOG STRIP CONFIGURATION 

+ 6 0V O- 




APPLICATIONS INFORMATION 

The AD9521 is primarily designed for use in successive detection 
LOG strips. The application circuit above, illustrates the typical 
configuration for one such design with roughly 90dB of dynamic 
range. In operation the IF input signal level is successively 
amphfied by each stage in the upper chain. The IF signal at 
each stage generates a detected output current. The detected 
output current from each stage is summed in the common base 
follower stage at the end of the strip. 

The key to the circuit is the limiting quaUty of the AD9521 
logarithmic detected output. As the IF signal at each stage 
drives the detected output into saturation, the output current 
ceases to increase. In operation, the combined gain of all of the 
previous stages drives the last stage into saturation first. Any 
further increase in signal level will not increase the detected 
output level of the last stage, but all of the previous stages will 
enter saturation one-by-one as the signal level increases. 

The limiting factor to the number of stages that can be combined 
is the input noise level. When the gain of the entire strip is 
sufficient to drive the last stage into saturation on the input 
noise of the first stage alone, further extensions of the strip will 
not increase the dynamic input range. 

There are, however, two methods of increasing the dynamic 
range of the LOG strip which include bandwidth reduction and 
parallel strip configurations. The dynamic range can be extended 
by 20dB or more by incorporating a parallel log strip with an 
attenuated input. The main strip functions as before, but the 



second strip, because of the attenuation, only contributes to the 
output for signals in excess of the main strip saturation level. 
The ultimate hmitation is the maximum input signal level which 
the main strip will tolerate. Any further signal level increases 
could damage the input stage of the AD9521. This should not 
be a major problem since with this technique the dynamic range 
of the total strip can be as high as lOOdB. 

The dynamic range can also be increased by reducing the 
bandwidth of the strip itself. The noise voltage is directly prop- 
ortional to the square root of the circuit bandwidth. This means 
that large operating bandwidths produce large amounts of noise 
which translates into hmited dynamic range. The AD9521 is a 
particularly low-noise device, but even it can benefit from 
bandwidth reduction which has been incorporated into the circuit 
above. The two interstage filters limit the noise to a smaller 
region of frequencies and thereby allow the strip to be extended 
further. 

Because of the high-frequency nature of the AD9521, several 
guidelines should be followed to insure optimum performance. 
The first is the use of an adequate low impedance ground plane. 
Just as important is the use of power supply decoupling capacitors 
to prevent signal feedthrough on the supply lines. Chip capacitors 
are highly recommended because of their reduced lead inductance. 
Sockets are not likely to produce the best results because of the 
interlead capacitance, but if they must be used, pin sockets are 
preferred. 
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ANALOG 
DEVICES 



6-Decade, High Accuracy, 
Wideband Log, Antilog Amplifiers 



IModels 755N/755P/759K/759P 



FEATURES 

High Accuracy: Models 755N, 755P 

Wideband: Models 759N, 759P 

Complete Log/Antilog Amplifiers: External Components Not 

Required 
Temperature-Compensated Internal Reference 
6 Decades Current Operation: InA to 1mA 
1% max Error: 1nA to 1mA (755) 

20nAto200jLiA(759) 
4 Decades Voltage Operation: ImV to 10V 
1% max Error: ImV to 10V (755) 

1mVto2V(7S9) 
Small Size: 1.1 "X 1.l"X0.4" 



MODELS 755/759 FUNCTIONAL BLOCK DIAGRAM 
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+15V COM -15V TRIM 

*POSITIVE INPUT SIGNALS, AS SHOWN; USE MODEL 759N, 755N. 
NEGATIVE INPUT SIGNALS, USE MODEL 759N, 755P. 



GENERAL DESCRIPTION 

The models 755N, 755P and 759N, 759P are low cost do 
logarithmic amplifiers offering conformance to ideal log opera- 
tion over 6 decades of current (InA to 1mA) and 4 decades 
of voltage (ImV to lOV). For high accuracy requirements, 
models 755N, 755P offer maximum nonconformity of 0.5%, 
from lOnA to 1mA, and ImV to IV. For wideband applica- 
tions, the models 759N, 759P provide fast response (300kHz 
@ IsiG = lOjLiA to 1mA) and feature maximum nonconformity 
of 1% from 20nA to 200mA, and ImV to 2V. The models 
75 5N and 759N compute the log of positive (+) input signals, 
while the models 755P, 759P compute the log of negative (-) 
signals. 

Designed for ease of use, the models 755N/P and 759N/P are 
complete, temperature compensated log/antilog amplifiers 
packaged in a compact epoxy -encapsulated module. External 
components are not required for logging currents over the 
complete 6 decade range of l/xA to 1mA. Both the scale factor 
(K=2, 1, or 2/3 volt/decade) and log/antilog operation are 
selected by simple pin connection. In addition, both the in- 
ternal lOjuA reference current as well as the offset voltage may 
be externally adjusted to improve overall accuracy. 

The models 755 and 759 are ideally suited as an alternative 
to in-house designs of OEM applications. Advanced design 
techniques and superior performance place the 755 and 759 
ahead of competitive designs in terms of price, performance 
and package design. 

APPLICATIONS 

When connected in the current or voltage logging configura- 
tion, as shown in Figure 1, the models 755 and 759 may be 
used in several key applications. A plot of input current 
versus output voltage is also presented to illustrate the log 
amplifier's transfer characteristics. 
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Figure 1. Transfer Function 
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Or tUlrlUA I lUllO (typical @ +25° C and ±15Vdc unless otherwise noted) 
„ oi 



TRANSFER FUNCTIONS 


eo = -Klogio ^ 






Current Mode 


* 






'ref 






Voltage Mode 


^ = -Klogio^ 

Eref 


' 




Antilog Mode 


<to = ^E,.>0(^f) 


* 




TRANSFER FUNCTION PARAMETERS 








Scale Factor (K) Selections'. * 


2, 1, 2/3 Volt/Decade 


* 




Error @+25°C 


±l%max 


• 




vs Temperature (0 to +70''C) 


±0 04%/°C max 


♦ 




Reference Voltage (E^gp)^ 


IV 


* 




Error ®+25°C 


±3% max 


±4% max 




vs Temperature (0 to +70°C) 


±0 1%/°C max 


±0.05%/°C 




Reference Current (Iref)^ 


lO^A 


* 




Error @+25°C 


±3% max 


♦ 




vs Temperature (0 to +70°C) 


±0 1%/°C max 


±0.05%/''c 




MAXIMUM LOG CONFORMITY ERROR 








IsiG RANGE EsiG RANGE 


RTl RTO (K=l) 


RTl 


RTO (K=l) 


InA to lOnA 


±1% ±4 3mV 


±5% 


±21mV 


lOnA to 20nA 


±0.5% ±2.17mV 


±2% 


±8.64mV 


20nA to lOOjLiA ImV to IV 


±0.5% ±2 17mV 


±1% 


±4.3mV 


1 OOjU A to 200JU A 1 V to 2 V 


±1% ±4 3mV 


±1% 


±4 3mV 


200juA to 1mA 2V to 10 V 


±1% ±4 3mV 


±2% 


±8.64mV 


INPUT SPECIFICATIONS 








Current Signal Range 








Model 755N,759N 


+ lnAto+lmAmin 


♦ 




Model 755P, 759P 


-InA to -1mA mm 


* 




Max Safe Input Current 


± 10mA max 


♦ 




Bias Current @ +25°C 


(0, +) lOpA max 


(0. +) 200pA max 


vs Temperature (0 to +70 C) 


x2/+10°C 


♦ 




Voltage Signal Range (Log Mode) 








Model 755N,759N 


+ lmV to +10Vmin 


* 




Model 755P, 759P 


-ImV to -lOV min 


♦ 




Voltage Signal Range, Antilog Mode 
Model 755N, 755P 


-2<-Em.^2 


♦ 




Offset Voltage @ +25"C (Adjustable to 0) 


±400ixV max 


±2mV max 




vs Temperature (0 to +70°C) 


±15mV/°C max 


±10juV/°C 




vs Supply Voltage 


±15iuV/% 


• 




FREQUENCY RESPONSE, Sinewave 








Small Signal Bandwidth, -3dB 








IsiG = 1"A 


80Hz 


250Hz 




•SIG = I'^A 


lOkHz 


lOOkHz 




IsiG = lOAlA 


40kHz 


200kHz 




•SIG = l"iA 


lOOkHz 


200kHz 




RISE TIME 








Increasing Input Current 








lOnA to lOOnA 


lOO/Lts 


20JUS 




lOOnA to IjuA 


7ms 


3/is 




IjuA to 1mA 


4ms 


2 5ms 




Decreasing Input Current 








1mA to 1/iiA 


7/is 


3ms 




IjLtA to lOOnA 


30jus 


lOMs 




lOOnA to lOnA 


400jus 


80ms 





INPUT NOISE 

Voltage, lOHz to lOkHz 
Current, lOHz to lOkHz 



2mV rms 
2pA rms 



OUTPUT SPECIFICATIONS^ 




Rated Output 




Voltage 


±10Vmin 


Current 




Log Mode 


±5mA 


Antilog Mode 


±4mA 


Resistance 


5S2 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




BOTTOM VIEW 



_J L_0.1GRID 
^n r*^ (2.5) 



^Optional 100kn external trim pot. Input offset voltage may be 
adjusted to zero with trim pot connected as shown. With trim 
terminal 9 left open, input offset voltage will be ±0.4mV (755) 
or ±2mV (759) maximum. 

MATING SOCKET ACI016 



lOMVn 
lOpAn 



POWER SUPPLY^ 






Rated Performance 


±15Vdc 


♦ 


Operating 


±(12 to 18)Vdc 


* 


Current, Quiescent 


±7mA 


±4mA 


TEMPERATURE RANGE 






Rated Performance 


to +70°C 


♦ 


Operating 


-25°C to +85°C 


* 


Storage 


-55°Cto+125°C 


* 


CASE SIZE* (W X L x H) 


1.5" X 1.5" X 0.4" 


1.125" X 1.125" X 4" 




m X ?? ?^ 10.4) 


(29x29x10 4) 



NOTES 

' Use terminal 1 for K = IV/decade, tenninal 2 f or K = 2V/decade, terminals 1 or 2 
(shorted together) for K = 2/3V/dccade 
•"Specification is + for models 755N, 759N, - for 755P. 759P. 
' No damage due to any pin being shorted to ground 
* Recommended power supply, model 904, ±15V ® ±50mA output. 
'Case size in inches (nun) 
Specifications subject to change without notice. 



10-3 A 



-lO-^A 




MODEL 755P, 759P 
-INPUT CURRENT 



MODEL 755N, 759N 
+INPUT CURRENT 



Plot of Output Voltage vs Input Current 
for Model 755 Connected in the Log Mode 




MODEL 755P, 759P 
-INPUT VOLTS 



MODEL 755N, 759N 
+INPUT VOLTS 



LOG OF VOLTAGE 



Plot of Output Voltage vs Input Voltage 
for Models 755, 759 Connected in the Log Mode 

Figure 2. Transfer Curves 
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Understanding the Log Amplifier Performance 



PRINCIPLE OF OPERATION 

Log operation is obtained by placing the antilog element in the 
feedback loop of the op amp as shown in Figure 1. At the 
summing junction, terminal 5, the input signal current to be 
processed is summed with the output current of the antilog 
element. To attain a balance of these two currents, the op amp 
provides the required output voltage to the antilog feedback 
element. Under these conditions the ideal transfer equation 
(K = 1) is: 

The log is a mathematical operator which is defined only for 
numbers, which are dimensionless quantities. Since an input 
current would have the dimensions of amperes it must be 
referenced to another current, IreF' ^^^ ^^^^^ being dimension- 
less. For this purpose a temperature compensated reference of 
lOjuA is generated internally. 

The scale factor, K, is a multiplying constant. For a change in 
input current of one decade (decade = ratio of 10: 1), the out- 
put changes by K volts. K may be selected as IV or 2V by con- 
necting the output to pin 1 or 2, respectively. If the output is 
connected to both pins 1 and 2, K will be 2/3V. 

REFERRING ERRORS TO INPUT 

A unique property of log amplifiers is that a dc error of any 
given amount at the output corresponds to a constant percent 
of the input, regardless of input level. To illustrate this, con- 
sider the output effects due to changing the input by 1%. 

The output would be: 

^OUT ~ ^^ ^*^8io (^IG'^^REF^^^'^^^ which is equivalent to: 
eouT = IV logio (Isig/IrEf) ±1V log^o (1.01) 
Initial Value Change 

The change in output, due to a 1% input change is a constant 
value of ±4.3mV. Conversely, a dc error at the output of 
±4.3mV is equivalent to a change at the input of 1%, An abbre- 
viated table is presented below for converting between errors 
referred to output (R.T.O.), and errors referred to input (R.T.I.). 





ERROR R.T.O 




ERROR R.T.I. 


K=l 


K=2 


K=2/3 


0.1% 


0.43mV 


0.86mV 


0.28mV 


0.5 


2.17 


4.34 


1.45 


1.0 


4.32 


8.64 


2.88 


3.0 


12.84 


25.68 


8.56 


4.0 


17.03 


34.06 


11.35 


5.0 


21.19 


42.38 


14.13 


10.0 


41.39 


82.78 


27.59 



SOURCES OF ERROR 

Log Conformity Error — Log conformity in logarithmic de- 
vices is a specification similar to linearity in linear devices. Log 
conformity error is the difference between the value of the 
transfer equation and the actual value which occurs at the out- 
put of the log module, after scale factor, reference and offset 
errors are eliminated to taken into account. The best linearity 
performance for the models 755, 759 are obtained in the 5 
decades from lOnA to 1mA. To obtain optimum performance, 
the input data should be scaled to this range. 

Offset Voltage - The offset voltage, Eos, of models 755, 759 
is the offset voltage of the internal FET amplifier. This voltage 
appears as a small dc offset voltage in series with the input 
terminals. For current logging applications, its error contribu- 
tion is negligible. However, for log voltage applications, best 
performance is obtained by an offset trim adjustment. 

Bias Current — The bias current of models 755, 759 is the bias 
current of the internal FET amplifier. This parameter can be a 
significant source of error when processing signals in the nano- 
amp region. For this reason, the bias current for model 755 is 
lOpA, maximum, and 200pA maximum for model 759. 

Reference Current — Ij^£p is the internally generated current 
source to which all input currents are compared. Ij^gp toler- 
ance errors appear as a dc offset at the output. The specified 
value of Ij^£p is ±3% referred to the input, and, from Table I, 
corresponds to a dc offset of ±12.84mV for K = 1. This offset 
is independent of mput signal and may be removed by in- 
jecting a current into terminal 1 or 2. 

Reference Voltage — Ej^pp is the effective internally generated 
voltage to which all input voltages are compared. It is related 
to Ij^Ep through the equation: 

Ej^£P = Ij^pp X Rjj^, where Rjj^ is an internal lOkll, precision 
resistor. Virtually all tolerance in Ej^^p is due to Ij^pp. Conse- 
quently, variations in Ij^pp cause a shift in Ej^pp . 

Scale Factor — Scale factor is the voltage change at the output 
for a decade (i.e., 10:1) change at the input, when connected 
in the log mode. Error in scale factor is equivalent to a change" 
in gain, or slope, and is specified in per cent of the nominal 
value. An external adjustment may be performed if fine trim- 
ming is desired for improved accuracy. 



Tab/e I. Converting Output Error in mV to Input Error 
in% 



LOG/ANTILOG AI\/IPUFIERS 7-13 



OPTIONAL EXTERNAL ADJUSTMENTS FOR LOG 
OPERATION 

Trimming Eq§ — The amplifier's offset voltage, Egg, may be 
trimmed for improved accuracy with the models 755, 759 
connected in its log circuit. To accomplish this, a lOOkfi, 10 
turn pot is connected as shown in Figure 3 . The input terminal. 
Pin 4, is connected to ground. Under these conditions the out- 
put voltage is: 

To obtain an offset voltage of lOOjuV or less, for K = 1, the 
trim pot should be adjusted until the output voltage is be- 
tween +3 and +4 volts for models 75 5N, 759N, and -3V to 
-4V for models 755P, 759P. 

For other values of K, the trim pot should be adjusted for an 
output of Cquj = 3xKto4xK where K is the scale factor. 




Figure 3. Trimming Eq^ in Log Mode 

Reference Current or Reference Voltage — The reference cur- 
rent or voltage of models 755, 759 may be shifted by injecting 
a constant current into the unused scale factor terminal (Pin 1 
or Pin 2). The current injected will shift the reference one 
decade, in accordance with the expression: Ij = 66)uA log 
lOjuA/lREF (755), Ii = 330mA log IOmA/Iref (759), where 
Ij = current to be injected and Iref =" the desired reference 
current. 

By changing Iref» there is a corresponding change in Ej^gp 
since, Ej^gp = Ij^pp x Rji^. An alternate method for rescaling 
^REF ^^ to connect an external Rjj^, at the Ijj^ terminal (Pin 5) 
to supplant the lOk^ supplied internally (leaving it uncon- 
nected). The expression for Ej^ef ^^ then, Ej^ef ~ ^IN %EF' 
Care must be taken to choose K^ti such that (egiG J^ax)/Rjj^ 
<lmA. 

Scale Factor (K) Adjustment — Scale factor may be increased 
from its nominal value by inserting a series resistor Rg between 
the output terminal, Pin 3, and either terminal 1 or 2. The 
table below should be consulted when making these scale 
factor changes. 



RANGE OF K 



CONNECT 
SERIES 
R TO PIN 



VALUE OF Rs NOTE 



2/3Vtol.01V 


1 


Rx(K-2/3) 


use pins 1, 2 


I.OIV to 2.02V 


1 


Rx(K-l) 


use pin 1 


>2.02V 


2 


R x (K - 2) 


use pin 2 



R=15kn(755);3kn(759) 

Table 2. Resistor Selection Chart for Shifting Scale Factor 
ANTILOG OPERATION 

The models 755 and 759 may be used to develop the antilog 
of the input voltage when connected as shown in Figure 4. 
The antilog transfer function (an exponential), is: 



eouT = Eref io-«in 



/K 



[-2<en^/K<2] 




+15V -15V COM TRIM 

Figure 4. Functional Block Diagram 

Principle of Operation — The antilog element converts the 
voltage input, appearing at terminal 1, to a current which is 
proportional to the antilog of the applied voltage. The current- 
to-voltage conversion is then completed by the feedback re- 
sistor in a closed-loop op amp circuit. 
A more complete expression for the antilog function is: 

^UT ~ %EF ^^ ■*" %S 

The terms K, EQg, and Ej^gp are those described previously in 
the LOG section. 

Offset Voltage (Eq§) Adjustment — Although offset voltage 
of the antilog circuit may be balanced by connecting it in the 
log mode, and using the technique described previously, it may 
be more advantageous to use the circuit of Figure 5. In this 
configuration, offset voltage is equal to tQ^jjIlOO. Adjust for 
the desired null, using the 100k trim pot. After adjusting, turn 
power off, remove the external lOOfi resistor, and the jumper 
from Pin 1 to +15V. For 755P, 759P use the same procedure 
but connect Pin 1 to -15 V. 




Figure 5. Trimming Eq^ in Antilog Mode 

Reference Voltage (Er£p) Adjustment — In antilog operation, 
the voltage reference appears as a multiplying constant. Ej^gF 
adjustment may be accomplished by connecting a resistor, R, 
from Pin 5 to Pin 3, in place of the internal lOkfi. The value 
of R is determined by: 
R = Ej^gp desired/ 10"5 A 

Scale Factor (K) Adjustment — The scale factor may be ad- 
justed for all values of K greater than 2/3V by the techniques 
described in the log section. If a value of K less than 2/3 V is 
desired for a given application, an external op amp would be 
required as shown in Figure 6. The ratio of the two resistors is 
approximately: 

R1/Rq = (1/K — 1) where K = desired scale factor 




+15V -15V COM TRIM 

Figure 6. Method for Adjusting K< 2/3 V 
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ANALOG 
DEVICES 



G-Decade, High Accuracy 
Log Ratio Amplifiers 



Models 757N/757P 



FEATURES 

6 Decade Operation - InA to 1mA 

1/2% Log Conformity - lOnA to lOOjuA 

Symmetrical FET Inputs 

Voltage or Current Operation 

Temperature Compensated 

APPLICATIONS 

Absorbence Measurements 

Log Ratios of Voltages or Currents 

Data Compression 

Transducer Linearization 



MODEL 757 FUNCTIONAL BLOCK DIAGRAM 



1V/DEC 




POSITIVE INPUT CURRENTS (AS SHOWN), USE __„ >S /*v 
MODEL 757N. NEGATIVE INPUT CURRENTS, COM VT; W 
USE MODEL 757P. I 1 



GENERAL DESCRIPTION 

Model 757 is a complete, temperature compensated, dc-coupled 
log ratio amplifier. It is comprised of two input channels for 
processing signals spanning up to 6 decades in dynamic range 
(InA to 1mA). By virtue of its symmetrical FET input stages, 
the 757 can accommodate this 6 decade signal range at either 
channel. Log conformity is maintained to within 1/2% over 4 
decades of input (lOnA to lOO/txA) and to within 1% over the 
full input range. Unlike other log ratio designs, model 757 
does not restrict the relative magnitude of the two signal inputs 
to achieve rated performance. Either input can be operated 
within the specified range regardless of the signal level at the 
other channel. 

The model 757 log-ratio amplifier design makes available both 
input amplifier summing junctions. Asa result, it can directly 
interface with photo diodes operating in the short-circuit cur- 
rent mode without the need of additional input circuitry. 

The excellent performance of model 757 can be further im- 
proved by means of external scale factor and output offset 
adjustments. A significant feature of model 757 not found 
on competing devices is that, when the offset adjustment is 
used to establish a fixed bias at the output, the output offset 
level does not vary as a function of input signal magnitude. On 
other designs, the sensitivity of output offset to input levels 
results in output effects resembling log conformity errors. 

Model 757 can operate with either current or voltage inputs. 
Its excellent performance makes it ideally suited for log ratio 
applications such as blood analysis, chromatography, chemical 
analysis of liquids and absorbence measurements. 



CURRENT LOG RATIO 

Current log ratio is accomplished by model 757 when two cur- 
rents, IsiG and Iref> ^^e applied directly to the input terminals 
(see Figure 1). The two log amps process these signals providing 
voltages which are proportional to the log of their respective 
inputs. These voltages are then subtracted and applied to an 
output amplifier. The scale factor, when connected as shown, 
is IV/dec. However, higher scale factors may be achieved by 
connecting external scale factor adjusting resistors. 

VOLTAGE LOG RATIO 

The principle of operation for voltage log ratio is identical to 
that of current log ratio after the voltage signal has been con- 
verted to a current. To accomplish this conversion, an external 
resistor is attached from the voltage signal to the appropriate 
input current terminal of the 757. Input currents are then 

determined by: 

ei "Cos, €2 -Cos, 

IsiG = —B » ^REF ^ 



Rl 



R2 



Cosi = Input Offset Voltage (Isig Channel) 
eos2 - Input Offset Voltage (Iref Channel) 
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SPECIFICATIONS 



(typical @ +25°C and Vs = ±15V dc unless otherwise noted) 



TRANSFER FUNCTION * 
Current Mode 



-K logi 



>SIG 
•T 

'ref 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



Voltage Mode 






eo = -Klogio^ ^ X 


Ri 


ACCURACY 










Log Conformity^ 










IsiG.IreF =10nAto 


100m A 




±0 5%, max 




IsiG. Iref = InA to ImA 




±1%, max 




Scale Factor (IV/Dec) 






(+0, -2%) max 




vs Temperature (0 to +70°C) 




±0 04%/°C max 




INPUT SPECIFICATIONS - 


- Both Input Channels 




Current 










Signal Range, Rated Performance 








Model 75 7N 






+ lnA to +lmA min 




Model 75 7P 






-InA to -1mA mm 




Max Safe 






110mA max 




Bias Current, @ +25°C 






(0, +) lOpA max 




vs Temperature (0 to +70°C) 




x2/+10°C 




Offset Voltage, @ +25°C 






±lmV max 




vs Temperature (0 to +70°C) 








IsiG Channel 






±25mV/°C max 




Iref Channel 






±25mV/°C max 




vs Supply Voltage 






±5mV/% 




FREQUENCY RESPONSE, 


Sinewave 








Small Signal Response (-3dB) 








Signal Channel 










'SIG = InA 






160Hz 




IsiG = iMA 






60kHz 




IsiG = lOOjUA 






75kHz 




Reference Channel 










Iref = InA 






60Hz 




Iref = IM 






30kHz 




Iref = lOOMA 






80kHz 




RISE TIME 


Signal Channel Reference Channel 




Increasing Input Current 


(Iref = lO^A) dsiG = lOjuA) 




InA to lOnA 




2.5ms 


l.Oms 




lOnA to lOOnA 




250)us 


40ms 




lOOnA to l/LtA 




25ms 


30ms 




IjuA to lOOjuA 




10ms 


25ms 




Decreasing Input Current 










lOO/LtA to IjuA 




5ms 


10ms 




1/LtA to lOOnA 




10ms 


50ms 




lOOnA to lOnA 




50ms 


500ms 




lOnA to InA 




500ms 


lOms 





-1.51^38.1) MAX- 



J 



041 

(10.2) 

MAX 



T 



20 TO 25 
(5 1 TO 6 4) 



-H»-| )-*- 04 (1 1) 
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1 III 
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1.51 
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-COM-Q- 
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BOTTOM VIEW 

01 {2 5) GRID— 


^ 




* 


- 





TRANSFER CURVES 



to 10" 
Iref = -IOmA * o 8. . 



K = 2V/DEC 

Iref = IOmA 



INPUT NOISE 

Voltage (lOHz to lOkHz) 
Current (lOHz to lOkHz) 



3mV rms 
IpA rms 




OUTPUT SPECIFICATIONS 




Rated Output 
Voltage 
Current 


±10V mm 
±5mA min 


Resistance 


o.m 


Offset Voltage^ (K = IV/Decade) 
vs Temperature (0 to +70°C) 
vs Supply 


±15mVmax 
±0 3mV/°C 
±5mV/V 



Log mode output voltage vs. input current for 
Iref = lOyuA. 



POWER SUPPLY'* 
Rated Performance 
Operating 
Current, Quiescent 


±15Vdc 

±(12tol8)Vdc 

±8mA 


TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 


to +70° C 
-25°C to +85°C 
-55°Cto+125°C 


MECHANICAL 
Case Size 
Weight 


15"xl.5"x04" 
21 grams 




Figure 2. Scale Factor Adjustment 



••SEE SCALE FACTOR-OPTIONAL 
ADJUSTMENT AND TRIMS (p.3) 



NOTES 

' For model 757N, K = +lV/Decade and input currents must be positive. For 
model 757P, K = -IV/Decade and input currents must be negative (Input cur- 
rents are defined as positive when flowing into the input terminals, 4 and 5 
Refer to TRANSFER CURVES ) 

* The log conformity error is referred to input (RTI). 1% error RTI is equivalent 
to 4 3m V of error at the output for K = 1 V/Dec 

^Externally adjustable to zero 

* Recommended power supply: Analog Devices model 904, ± 1 5 V @ 50mA. 
Specifications subject to change without notice. 




Figures. Output Voltage Off set Adjustments 
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Applying the Log Ratio Amplifier 



OPTIONAL ADJUSTMENTS AND TRIMS 
Scale Factor — A one volt per decade scale factor is available 
when pin 1 is tied to 3 and pin 7 is connected to 9. Higher 
scale factors are possible by using a potentiometer, Ri, be- 
tween pins 1 and 3 and a resistor, R2, between pins 7 to 9 as 
shown in Figure 2. The value ofthe required resistor is (13. 2kS2) 
(K-1) where K is the desired scale factor. The approximate 
potentiometer value is also (13.2kl2) (K-1). The scale factor 
adjustment procedure is as follows: 

1. Connect the appropriate value of resistor between pins 
7 and 9. 

2. Set Iref = IMA, Isig = lOjuA. Measure Cq. 

3. Set Iref = iMA, Isig = lOO/uA. Adjust Ri until the 
difference in Cq corresponding to steps 2 and 3 is K volts. 

4. Repeat steps 2 and 3 until the change in Cq = K volts. 

Output Voltage Offset — Output voltage offset must be adjusted 
after the desired scale factor is established as indicated above. 
To adjust the offset, inject equal dc input currents into the 
reference and signal channels. The value of the input currents 
should approximate the average input current levels expected 
to be encountered in normal operation. Adjust the potentio- 
meter shown in Figure 3 until the output voltage is zero. 

LOG CONFORMITY 

Log conformity in logarithmic devices is a specification similar 
to linearity in linear devices. Log conformity error is the differ- 
ence between the theoretical value of the log of a ratio and the 
actual value that appears at the output of the log-ratio module 
after scale factor errors have been eliminated. Measurement of 
this error is made after initially zeroing the module at unity- 
ratio and adjusting the desired scale factor. 

Figure 4 shows the log conformity performance of model 757 
over a 6 decade input range. Log conformity for each channel 
does not vary noticeably as the current is varied in the other 
channel. 
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Figure 4. Log Conformity Error for Model 757. Curve is for 
Either input Channel with Current Held Constant at lOyA 
On Other Channel. 

FREQUENCY CHARACTERISTICS 

Figure 5 shows a plot of small signal response (-3dB) as a func- 
tion of input signal current. The graph demonstrates the fre- 
quency response performance for each input channel over the 
range of InA to 1mA, independent of current on the other 
channel. 
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APPLICATIONS 

Data Compression — Processing signals with wide dynamic 
range is a common problem in instrumentation and data trans- 
mission. For example, digitizing an analog signal with a range 
of lOnA to lOOjuA with 1% accuracy requires a 20 bit A/D con- 
verter. (Required resolution = 1/100 x 1/10,000 = 1/10^ S 
1/22^). 

By using the 757 with Iref adjusted to lOnA and K set for 
5/4 V/decade, the input data can be compressed into a 5 volt 
output range. For a 1% resolution of any signal, the allowable 
output error is 4.32mV x K. Log conformity contributes 
2.17mV X K (0.5%) over this range. The remaining error with 
K = 5/4 is 2.69mV and should correspond to less than the LSB 
of the converter. With a 5 volt output range 2.69mV corres- 
ponds just over the LSB of an 11 -bit converter. Thus the 757 
module can compress the data for u§e with a 12 bit A/D (such 
as Analog Devices AD574JD) to obtain the desired 1% 
resolution. 

Absorbence Measurements — Critical properties of materials 
which are of particular interest in the fields of chemistry, 
medicine, spectrometry and pollution control are characterized 
by absorbence. The relationship between absorbence^ A, and 
light intensity, I, is: A = log loflj where Iq = intensity of inci- 
dent light, and Ij = intensity of transmitted light. 

Figure 6 shows the 757 log-ratio module used in such a photo- 
meter application. Two inputs represent the intensities of light 
transmitted through space and through a medium that absorbs 
light. The absorbence of the medium is given by the formula 

A = log?S|GNAL 

Ireference 
where Isignal and I reference are the currents representing 
the light intensities. 

The transducers used in this appHcation are photodiodes, which 
provide a short-circuit current proportional to the intensity of 
applied light. The lowest value of absorbence is determined by 
the value of Iref» since when Isig = Iref» A = 0. The out- 
put of the log-ratio module is externally trimmed to 1 V/decade 
and applied to the input of a 3%-digit DPM through the scaling 
network Rl and R2. 

Model 757 was chosen for this design because it makes avail- 
able both amplifier summing junctions. When the photodiodes 
are connected to the summing junctions, they are operated in 
the short-circuit mode, that is, with zero volts across the diodes. 



Short-circuit loading is necessary, because accuracy of the 
photodiodes can be degraded several percent when operated 
with as little as lOOmV across the diode junction. 



with as little as lOOmV across the diode junction. 
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Figure 6. Model 757N Applied to Absorbence Measurements 

INTERCONNECTION GUIDELINES 

Model 757 is a complete log ratio amplifier that requires no 
additional frequency compensation for proper operation. 

Input C^acitance — Model 75 7 is able to operate with lOOOpF 
at both input terminals. Therefore, the 757 can be used in ap- 
plications requiring long cable lengths between the module 
and the signal transducers. 

Input-to-Oulput Capacitance — When using a log ratio,module 
the user should take care in system configurations to avoid 
excessive stray capacitance between input and output terminals. 
Such precautions include avoiding running input and output 
signal lines close together. If long cable runs are required where 
inputs and output are closely bundled together, it is advisable 
to enclose the inputs and/or output in separate, grounded elec- 
trostatic shields. By observing simple rules of good circuit 
layout, problems with oscillations that may result from exces- 
sive input-to-output capacitance can easily be avoided. Model 
757 can accommodate up to 33pF of input-to-output capaci- 
tance without oscillation. 

Leakage Resistance — Since model 757 can operate at extremely 
low input current levels, precautions must be taken to prevent 
current leakage into the input terminals. Such leakage can 
cause errors when small input or reference currents are used. 
This problem may arise on printed circuit layouts if the inputs 
are run too close to the power supply busses. Providing an 
etched guard around the input lines, connected to analog sig- 
nal ground will also reduce unwanted current leakage. 
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Selection Guide 

RMS-to-DC Converters 





FuIl-Scale 




Frequency 










Range 


Accuracy 


Response 


dB 






Model 


Vrms 


mV±% of Reading 


MHz 


Output 


Page 


Notes 


AD536A 


7 


2.0 ± 0.2 


2 


X 


8-5 


General purpose 


AD636 


0.2 


0.2 ± 0.5 


1.3 


X 


8-11 




AD637 


7 


0.5 ± 0.2 


8 


X 


8-17 


Highest accuracy 


AD736 


0.2 


0.3 ± 0.3 


0.19 




8-25 


Buffered output, low power 


AD737 


0.2 


0.2 ± 0.3 


0.19 
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Unbuffered output, low power 
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Orientation 

RMS-to-DC Converters 



RMS-to-DC converters continuously compute the instantaneous 
square of the input signal, average it, and take the square root 
of the result, to provide a dc voltage proportional to the rms of 
the input (and, in the case of the AD536, AD636 and AD736, 
an auxiliary dc voltage that is proportional to the log of the rms, 
for dB measurements). 

Excellent pretrimmed performance, improvable by simple optional 
trims, makes these devices ideal for all types of laboratory and 
OEM rms instrumentation where amplitude measurements must 
be made with high accuracy, independently of waveshape. 

An alternative to rms that has been widely used in the past, 
principally for measurements on sine waves, is mean absolute- 
deviation, or "ac average." It is performed by taking the absolute 
value of a signal (i.e., rectifying it) filtering it and scaling it by 
the ratio of rms to m.a.d. for sine waves, 1.111, so that it reads 
correctly (for undistorted sine waves). Unfortunately, this ratio 
varies widely as a function of the waveform; it will give grossly 
incorrect results in many cases. The table shows a few represen- 
tative examples comparing rms with m.a.d. 

An important application is noise measurement - for example, 
thermal noise, transistor noise, and switch-contact noise. True 
rms measurement is a technique that provides consistent theoreti- 
cally vaUd measurements of noise ampUtude (standard deviation) 
from different sources having different properties. 

True rms devices are also useful for measuring electrical signals 
derived from mechanical phenomena, such as strain, stress, 
vibration, shock, expansion, bearing noise and acoustical noise. 



The electrical signals produced by these mechanical actions are 
often noisy, nonperiodic, nonsinusoidal, and superimposed on 
dc levels, and require true rms for consistent, valid, accurate 
measurements. RMS converters are also useful for accurate 
measurements on low-repetition-rate pulse-trains having high 
crest factors (ratio of peak to rms), and for measurements of the 
energy content of SCR waveforms at differing firing angles. 

The basic approach used in these converters for computing the 
rms is to take the absolute value, square it and divide by the 
fed-back output (using the logarithmic characteristics of transistor 
junctions), and filter the result. The resulting approximation 



Eo = Avg 



Vt>^ 



Avg.(Vin^) 



is vaUd if the averaging time constant is sufficiently long compared 
with the periods of the lowest frequency ac components of the 
signal. 

The simplest form of averaging involves a single-pole filter 
using an external filtering capacitor (Cay)- Increased values of 
capacitance for filtering will improve the accuracy for low fre- 
quency rms measurements and provide reduced ripple at the 
output, but at the cost of increased settling time. For fastest 
settling and minimum ripple, an additional stage of 2-pole filtering 
is useful. The additional filtering permits improvement of settling 
time or reduction of ripple (or both) because of substantial 
reduction of Cay • 



RMS 
MAD 



CREST 
FACTOR 



XE 



707 V„ 



Z/2 



^/T = 1 414 



^=B 



SYMMETRICAL 
SQUARE WAVE 
OR DC 




TRIANGULAR WAVE 
OR SAWTOOTH 



yj 



v? 



v/T = 1 732 



2Vn, VVy ^ 



•-S* 




1 








■ 












<. 








S'^M 












s 


















\ 



-5 -3 
logq 



GAUSSIAN NOISE 

CREST FACTOR IS 
THEORETICALLY 
UNLIMITED, q IS 
THE FRACTION OF 
TIME DURING WHICH 
GREATER PEAKS CAN 
BE EXPECTED TO 
OCCUR 



/ — RMS 
= 798 RMS 



32% 

4.6% 

0.37% 

0.1% 

01% 

63ppm 

lOppm 

Ippm 

2x109 



-H h-^T 



Jllll 



Tj. "DUTY CYCLE" 



PULSE TRAIN 


V 


MARK/SPACE 


1 

0.25 
0.0625 
0.0156 
0.01 


oo 
3333 
0.0667 
0159 
0.0101 



V„v^ 



0.5V„ 
0.25V„ 
0.125V„ 

o.iv„ 



0.25V„ 
0.0625V„ 
0156V„ 
0.01V„ 



^ 



^ 



RMS-TO-DC CONVERTERS 8-3 



PERFORMANCE SPECIFICATIONS 

Considerable information regarding rms-to-dc converter circuit 
design, performance, selection and applications is to be fomid in 
the RMS-to-DC Conversion Application Guide} In addition, 
useful applications information can be found in the Nonlinear 
Circuits Handbook} 

The most-salient feature of a true rms-to-dc converter is that it 
ideally has no error due to an indirect approximation to the rms. 
Static errors are due only to scale-factor, linearity and offset 
errors; dynamic errors are due to insufficient averaging time at 
the low end and finite bandwidth and slewing rate at the upper 
end. Linearity errors affect crest factor in midband. Dynamic 
errors are also a function of signal amplitude, due in part to the 
variation of bandwidth of the "log" transistors with signal level. 

Total Error, Internal Trim, a specification for quick reference, is 
the maximum deviation of the dc component of the output 
voltage from the theoretical output value over a specified range 
of signal amplitude and frequency. It is shown as the sum of a 
fixed error and a component proportional to the theoretical 
output (% of reading). It is specified for a sinusoidal input in a 
given frequency and amplitude range. The fixed error component 
includes all offset errors and irreducible nonlinearities; the %-of- 
reading component includes the linear scale-factor error. 

Total Error, External Adjustment is the amount by which the 
output may differ from the theoretical value when the output 
offset and scale factor have been trimmed. Note that the fixed 
error-component cannot be reduced to zero, even though 
the output offset can be nulled at zero input. This is because 
of residual input offsets and inherent nonlinearities in the 
converter. 

Total Error vs. Temperature (r^i„ to Tmax) is the average change 
of %-of-full-scale error component plus the average change of 
percent-of-reading error component per degree Celsius, over the 
rated temperature range. 



Frequency for 1%-of'Reading Error is the minimum value of 
frequency (at the high end) at which the error increases from 
the midband value by 1% of reading. It is a function of peak-to-peak 
input amplitude. 

Frequency for -3dB Reading Error is the minimum value of 
frequency (at the high end) at which the error may equal - 30% 
of reading. It is a function of amplitude. 

Crest Factor (to a property of the signal) is the ratio of peak 
signal voltage to the ideal value of rms; the specified value of 
crest factor is that for which the error is maintained within 
specified limits at a given rms level for a worst-case - rectangular 
pulse - input signal. 

Averaging Time Constant and External Capacitor: The time constant 
of the internal averaging filter, and the increase of time constant 
per |ulF of added external capacitance (Cay). 

Input: The voltage range over which specified operation is obtained, 
the maximum voltage for which the unit operates, the maximum 
safe input voltage, and the effective input resistance. 

Output: The maximum output range for rated performance, the 
minimum current guaranteed available at full-scale output voltage, 
and the source resistance of the output circuit. 

Power Supply: Power-supply range for specified performance, 
power-supply range for operation and quiescent current drain. 

Temperature Range: The range of temperature variation for oper- 
ation within specifications. Temperature coefficients are deter- 
mined by three-point measurements (Th - 25°C), (25°C - Tl), 
when measured. 



^RMS-to-DC Conversion Application Guide 2nd Edition, by C. Kitchin 
and L. Counts (1986-61 pages). Available free from Analog Devices. 

^Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976, 
536pp, edited by D.H. Sheingold. ($5.95). 
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ANALOG 
DEVICES 



Integrated Circuit 
True rms-to-dc Converter 



AD536A 



FEATURES 

True rms-to-dc Conversion 

Laser-Trimmed to High Accuracy 
0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 

Wide Response Capability: 

Computes rms of ac and dc Signals 
450kHz Bandwidth: Vrms>100mV 
2MHz Bandwidth: Vrms>1V 
Signal Crest Factor of 7 for 1% Error 

dB Output with 60dB Range 

Low Power: 1.2mA Quiescent Current 

Single or Dual Supply Operation 

Monolithic Integrated Circuit 

-55''C to +125°C Operation (AD536AS) 

Low Cost 



AD536A PIN CONNECTION AND 
FUNCTIONAL BLOCKDIAGRAM 
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PRODUCT DESCRIPTION 

The ADS 36 A is a complete monolithic integrated circuit which 
performs true rms-to-dc conversion. It offers performance 
which is comparable or superior to that of hybrid or modular 
units costing much more. The AD536A directly computes the 
true rms value of any complex input waveform containing ac 
and dc components. It has a crest factor compensation scheme 
which allows measurements with 1% error at crest factors up 
to 7. The wide bandwidth of the device extends the measure- 
ment capability to 300kHz with 3dB error for signal levels 
above lOOmV. 

An important feature of the ADS 36 A not previously available 
in rms converters is an auxiliary dB output. The logarithm of 
the rms output signal is brought out to a separate pin to allow 
the dB conversion, with a useful dynamic range of 60dB. Using 
an externally supplied reference current, the OdB level can be 
conveniently set by the user to correspond to any input level 
from 0.1 to 2 volts rms. 

The AD536A is laser trimmed at the wafer level for input and 
output offset, positive and negative waveform symmetry (dc 
reversal error), and full scale accuracy at 7V rms. As a result, 
no external trims are required to achieve the rated accuracy 
of the unit. 

There is full protection for both inputs and outputs. The input 
circuitry can take overload voltages well beyond the supply 
levels. Loss of supply voltage with inputs connected will not 
cause unit failure. The output is short-circuit protected. 

The ADS 36 A is available in two accuracy grades (J, K) for 
commercial temperature range (0 to +70°C) applications, and 
one grade (S) rated for the -55°C to +125°C extended range. 
The AD536AK offers a maximum total error of ±2mV ±0.2% 



of reading and the AD536AJ and ADS 36 AS have maxi- 
mum errors of ±5mV ±0.S% of reading. All three versions are 
available in either a hermetically sealed 14-pin DIP or 10-pin 
TO-lOO metal can. 

PRODUCT HIGHLIGHTS 

1. The AD536A computes the true root-mean-square level of 

a complex ac (or ac plus dc) mput signal and gives an equiv- 
alent dc output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it relates directly to the power of the signal. The rms value 
of a statistical signal also relates to its standard deviation. 

2. The crest factor of a waveform is the ratio of the peak 
signal swing to the rms value. The crest factor compensa- 
tion scheme of the ADS36A allows measurement of highly 
complex signals with wide dynamic range. 

3. The only external component required to perform meas- 
urements to the fully specified accuracy is the capacitor 
which sets the averaging period. The value of this capaci- 
tor determines the low frequency ac accuracy, ripple 
level and settling time. 

4. The ADS 36 A will operate equally well from split supplies or 
a single supply with total supply levels from 5 to 36 volts. 
The one milliampere quiescent supply current makes the 
device well-suited for a wide variety of remote controllers 
and battery powered instruments. 

5. The ADS36A directly replaces the ADS36, and provides 
improved bandwidth and temperature drift specifications. 
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Model 


ADS36AJ 




AD536AK 






AD536AS 








Min Typ 


Max 


Min Typ 
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TRANSFER FUNCTION 


VoLT = Vavg.(V,N)^ 


VouT = Vavg(V,N)^ 
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Total Error, Internal Trim' (Figure 1) 
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AVERAGING TIME CONSTANT (Figure 5) 
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INPUT CHARACTERISTICS 


















Signal Range, ± ISV Supplies 


















Continuous rms Level 


0to7 




Oto7 






Oto7 
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Peak Transient Input 




±20 




±20 






±20 


Vpeak 


Continuous rms Level, ±5V Supplies 


0to2 




Oto2 






Oto2 




Vrms 


Peak Transient Input, ± 5V Supplies 




±7 




±7 






±7 


Vpeak 


Maximum Continuous Nondestructive 


















Input Level (All Supply Voltages) 
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±25 
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Input and Output Voltage Range 
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POWER SUPPLY 


















Voltage Rated Performance 


±15 
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Dual Supply 
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TEMPERATURE RANGE 


















Rated Performance 
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+ 125 


°C 


Storage 
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+ 150 
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+ 150 
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PACKAGE OPTIONS' 


















Ceramic DIP(D-14) 


AD536AJD 




AD536AKD 




AD536ASD 






MetalCanTO-lOO(H-lOA) 


AD536AJH 




AD536AKH 




AD536ASH 







NOTES 

' Accuracy is specified for to 7 V rms, dc or 1 kH? sinewave input with the AD536A connected as in the figure referenced 

'Error vs crest factor is specified as an additional error for I V rms rectangular pulse input, pulse width = 200>iS 

'Input voltages are expressed in volts rms, and error is percent of reading 

*With 2k external pulldown resistor 

"'See Section 16 for package outline information 

Specifications subiect to change without notice 



Specifications shown in boldface are tested on all production units at final electri- 
cal test Results from those tests are used to calculate outgoing quality levels All 
mm and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units 
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Applying the AD536A 



STANDARD CONNECTION 

The AD536A is simple to connect for the majority of high 
accuracy rms measurements, requiring only an external capac- 
itor to set the averaging time constant. The standard connec- 
tion is shown in Figure 1. In this configuration, the AD536A 
will measure the rms of the ac and dc level present at the 
input, but will show an error for low frequency inputs as a 
function of the filter capacitor, Cav» ^^ shown in Figure 5. 
Thus, if a 4juF capacitor is used, the additional average error 
at lOHz will be 0.1%, at 3 Hz it will be 1%. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input, a capacitor is added in series with 
with the input, as shown in Figure 3 ; the capacitor must be 
non-polar. If the AD536A is driven with power supplies with 
a considerable amount of high frequency ripple, it is advisable 
to bypass both supplies to ground with O.ljuF ceramic discs as ^ 
near the device as possible. 

The input and output signal ranges are a function of the sup- 
ply voltages; these ranges are shown in Figure 16. The AD536A 
can also be used in an unbuffered voltage output mode by dis- 
connecting the input to the buffer. The output then appears 
unbuffered across the 25k resistor. The buffer amplifier can 
then be used for other purposes. Further the AD536A can be 
used in a current output mode by disconnecting the 25k resis- 
tor from ground. The output current is available at pin 8 (pin 
10 on the *'H" package) with a nominal scale of 40juA per volt 
rms input, positive out. 




Figure 1. Standard rms Conrjection 

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 

If it is desired to improve the accuracy of the AD536A, the 
external trims shown in Figure 2 can be added. R4 is used to 
trim the offset. Note that the offset trim circuit adds 365^ in 
series with the internal 25kl^ resistor. This will cause a 1.5% 
increase in scale factor, which is trimmed out by using R^ 
as shown. Range of scale factor adjustment is ±1.5%. 

The trimming procedure is as follows: 

1. Ground the input signal, Vjn, and adjust R4 to give zero 
volts output from pin 6. Alternatively, R4 can be adjusted to 
give the correct output with the lowest expected value of Vin. 

2. Connect the desired full scale input level to Vin, either 

dc or a calibrated ac signal (IkHz is the optimum frequency); 
then trim Ri to give the correct output from pin 6, i.e., 
l.OOOV dc input should give l.OOOV dc output. Of course, a 
±1.000V peak-to-peak sinewave should give a 0.707 V dc output. 
The remaining errors, as given in the specifications, are due to 
the nonlinearity. 



The major advantage of external trimming is to optimize 
device performance for a reduced signal range; the AD536A 
is internally trimmed for a 7V rms full scale range. 
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Figure 2. Optional External Gain and Output Offset Trims 

SINGLE SUPPLY CONNECTION 

The applications in Figures 1 and 2 require the use of approx- 
imately symmetrical dual supplies. The AD536A can also be 
used with only a single positive supply down to +5 volts, as 
shown m Figure 3. The major limitation of this connection is 
that only ac signals can be measured since the differential in- 
put stage must be biased off ground for proper operation. 
This biasing is done at pin 10; thus it is critical that no 
extraneous signals be coupled into this point. Biasing can be 
accomplished by using a resistive divider between +Vs and 
ground. The values of the resistors can be increased in the 
interest of lowered power consumption, since only 5 micro- 
amps of current flows into pin 10 (pin 2 on the *'H" package). 
AC input coupling requires only capacitor C2 as shown; a dc 
return is not necessary as it is provided internally. C2 is selected 
for the proper low frequency break point with the input resist- 
ance of 16.7ki2; for a cut-off at lOHz, C2 should be IjuF. The 
signal ranges in this connection are slightly more restricted 
than in the dual supply connection. The input and output sig- 
nal ranges are shown in Figure 16. The load resistor, Rl, is 
necessary to provide output sink current. 



NONPOLARIZED 




Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 

The AD536A will compute the rms of both ac and dc signals. 
If the input is a slowly-varying dc, the output of the AD536A 
will track the input exactly. At higher frequencies, the average 
output of the AD536A will approach the rms value of the in- 
put signal. The actual output of the AD536A will differ from 
the ideal output by a dc (or average) error and some amount 
of ripple, as demonstrated in Figure 4. 



Eo 

ii 



IDEAL 
Eo 



/ DC ERROR = Eo - Eo (IDEAL) 



AVERAGE Eo=Eo 

DOUBLE-FREQUENCY 
RIPPLE 



TIME 
Figure 4. Typical Output Waveform for Sinusoidal Input 

The dc error is dependent on the input signal frequency and 
the value of Cyw • Figure 5 can be used to determine the mini- 
mum value of C^v which will yield a given percent dc error 
above a given frequency using the standard rms connection. 

The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 
a large value of Cav- Since the ripple is inversely proportional 
to Cav. a tenfold increase in this capacitance will effect a ten- 
fold reduction in ripple. When measuring waveforms with high 
crest factors, (such as low duty cycle pulse trains), the aver- 
aging time constant should be at least ten times the signal peri- 
od. For example, a lOOHz pulse rate requires a 100ms time 
constant, which corresponds to a 4juF capacitor (time con- 
stant = 25ms per juF). 

The primary disadvantage in using a large Cav ^o remove rip- 
ple is that the settling time for a step change in input level is 
increased proportionately. Figure 5 shows that the relationship 
between Cav ^^^ 1% settling time is 115 milliseconds for each 
microfarad of Cav • The settling time is twice as great for de- 
creasing signals as for increasing signals (the values in Figure 5 
are for decreasing signals). Settling time also increases for low 
signal levels, as shown in Figure 6. 
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Figure 5. Error/Settling Time Graph for Use with the 
Standard rms Connection in Figure 1 

8-8 RMS-TO-DC CONVERTERS 













10 

SETTLING ^-S 
TIME RELATIVE 
TO IV rms 
INPUT 5.0 
SETTLING 
TIME 

2.5 

1.0 


\ 








> 


\ 








V 








\ 















lOOmV 
s INPUT LEVEL 



Figure 6. Settling Time vs Input Level 
A better method for reducing output ripple is the use of a 
"post-filter". Figure 7 shows a suggested circuit. If a single- 
pole filter is used (C3 removed, Rx shorted), and C2 is approx- 
imately twice the value of Cav» the ripple is reduced as shown 
in Figure 8, and settling time is increased. For example, with 
Cav = ImF and C2 =2.2jLiF, the ripple for a 60Hz input is re- 
duced from 10% of reading to approximately 0.3% of reading. 
The settling time, however, is increased by approximately a 
factor of 3 . The values of Cav and C2 can therefore be reduced 
to permit faster settling times while still providing substantial 
ripple reduction. 

The two-pole post-filter uses an active filter stage to provide 
even greater ripple reduction without substantially increasing 
the settling times over a circuit with a one-pole filter. The 
values of Cav» ^2 . and C3 can then be reduced to allow ex- 
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of Cav» 
since the dc error is dependent upon this value and is inde- 
pendent of the post filter. 

For a more detailed explanation of these topics refer to the 
RMS to DC Conversion Application Guide 2nd Edition, 
available from Analog Devices. 




Figure 7. 2 Pole "Post' Filter 
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Figure 8. Performance Features of Various Filter Types 



rms Measurements 



AD536A PRINCIPLE OF OPERATION 

The ADS 36 A embodies an implicit solution of the rms equa- 
tion that overcomes the dynamic range as well as other limi- 
tations inherent in a straight-forward computation of rms. 
The actual computation performed by the ADS 36 A follows 
the equation: 

2 



5 = Avg. 



L Vnns J 



Figure 9 is a simplified schematic of the ADS 36 A; it is sub- 
divided into four major sections: absolute value circuit (ac- 
tive rectifier), squarer/divider, current mirror, and buffer am- 
plifier. The input voltage, V^^, which can be ac or dc, is con- 
verted to a unipolar current Ii , by the active rectifier Aj , A2 . 
Ij drives one input of the squarer/divider, which has the 
transfer function: 

I4 = Ii'/la 

The output current, I4, of the squarer/divider drives the cur- 
rent mirror through a low pass filter formed by Ri and the 
externally connected capacitor, C^v ^^ ^^^ ^i » ^AV time 
constant is much greater than the longest period of the input 
signal, then I4 is effectively averaged. The current mirror re- 
turns a current I3, which equals Avg. [I4] , back to the squarer/ 
divider to complete the implicit rms computation. Thus: 

I4 = Avg. [Ii^/Ul = Ii rms 

The current mirror also produces the output current, IquT' 
which equals 2I4. Iqut ^^" ^^ ^^^^ directly or converted to 
a voltage with R2 and buffered by A4 to provide a low im- 
pedance voltage output. The transfer function of the ADS36A 
thus results: 




PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO 116 14 PIN CERAMIC DIP PACKAGE 

NOTE 

•BOTH PADS SHOWN MUST BE CONNECTED TO V,m 

THE ADS36A IS AVAILABLE IN LASER TRIMMED CHIP FORM 

CONSULT ANALOG DEVICES' CATALOG FOR SI 

AND APPLICATION DETAILS 



Figure 10. Chip Dimensions and Pad Layout. 
Dimensions s/iown in inches and (mm). 
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Figure 1 1. AD536A Pin Connections and Functional Diagram 



The dB output is derived from the emitter of Q3 , since the 
voltage at this point is proportional to -log Vjn. Emitter fol- 
lower, Q5, buffers and level shifts this voltage, so that the 
dB output voltage is zero when the externally supplied 
emitter current (Iref) ^o Q.5 approximates I3. 
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Figure 9. Simplified Schematic 
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CONNECTIONS FOR dB OPERATION 

A powerful feature added to the AD536A is the logarithmic or 
decibel output. The internal circuit computing dB works ac- 
curately over a 60dB range. The connections for dB measure- 
ments are shown in Figure 12. The user selects the OdB level by 
adjusting Rj for the proper OdB reference current (which is 
set to exactly cancel the log output current from the squarer- 
divider at the desired OdB point). The external op amp is used 
to provide a more convehient scale and to allow compensation 
of the +0.33%/°C scale factor drift of the dB output pin. The 
special T.C. resistor, R2, is available from Tel Labs in Londen- 
derry, N.H. (model Q-81) or from Precision Resistor Inc., 
Hillside, N.J. (model PT146). The averaged temperature co- 
efficients of resistors R2 and R3 develop the +3300ppm 
needed to reverse compensate the dB output. The Unear 
rms output is available at pin 8 on DIP or pin 10 on header 
device with an output impedance of 25kl2; thus some applica- 
tions may require an additional buffer amplifier if this output 
is desired. 

dB Calibration: 

1. Set ViN = l.OOV dc or l.OOV rms 

2. Adjust Ri for dB out = O.OOV 

3. Set ViN = +0.1V dc or O.IOV rms 

4. Adjust R5 for dB out = -2.00V 

Any other desired OdB reference level can be used by set- 
ting ViN and adjusting Rj accordingly. Note that adjusting 
R5 for the proper gain automatically gives the correct tem- 
perature compensation. 




TEMPERATURE 
COMPENSATED 
dB OUTPUT 



Figure 12. Temperature Compensated dB Output Circuit 

FREQUENCY RESPONSE 

The AD536A utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit, bandwidth 
is proportional to signal level. The solid lines in the graph be- 
low represent the frequency response of the AD536A at input 
levels from 10 millivolts to 1 volt rms. The dashed lines indi- 
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cate the upper frequency limits for 1%, 10%, and 3dB of 
reading additional error. For example, note that a 1 volt rms 
signal will produce less than 1% of reading additional error up 
to 120kHz. A 10 millivolt signal can be measured with 1% of 
reading additional error (100/uV) up to only 5kHz. 

AC MEASUREMENT ACCURACY AND CREST FACTOR 

Crest factor is often overlooked in determining the accuracy 
of an ac measurement. Crest factor is defined as the ratio of the 
the peak signal amplitude to the rms value of the signal (C.F. = 
Vp/Vrms)- Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors (<2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 
in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1% duty 
cycle has a crest factor of 10 (C.F. = l/yrj). 

Figure 14 is a curve of reading error for the AD536A for a 1 
volt rms input signal with crest factors from 1 to 1 1 . A rec- 
tangular pulse train (pulse width 100/is) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The duty cycle and peak 
amplitude were varied to produce crest factor's from 1 to 1 1 
while maintaining a constant 1 volt rms input amplitude. 
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Figure 14. Error vs. Crest Factor 
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Figure 15. AD536A Error vs. Pulse Widtfi Rectangular Pulse 
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Figure 16. AD 536 A Input and Output Voltage Ranges 
vs. Supply 
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FEATURES 

True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 

0.3% max Error (AD636K) 

0.6% max Error (AD636J) 
Wide Response Capability: 

Computes rms of ac and dc Signals 

1MHz -3dB Bandwidth: Vr,„s>100mV 

Signal Crest Factor of 6 for 0.5% Error 
dB Output with 50dB Range 
Low Power: SOO/uA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
Low Cost 
Available in Chip Form 

PRODUCT DESCRIPTION 

The AD636 is a low power monolithic IC which performs true 
rms-to-dc conversion on low level signals. It offers perform- 
ance which is comparable or superior to that of hybrid and 
modular converters costing much more. The AD636 is speci- 
fied for a signal range of to 200 millivolts rms. Crest factors 
up to 6 can be accommodated with less than 0.5% additional 
error, allowing accurate measurement of complex input 
waveforms. 

The low power supply current requirement of the AD636, 
typically SOOjuA, allows it to be used in battery-powered 
portable instruments. A wide range of power supplies can be 
used, from ±2.5V to ±16. 5V or a single +5V to +24V supply. 
The input and output terminals are fully protected ; the in- 
put signal can exceed the power supply with no damage to 
the device (allowing the presence of input signals in the 
absence of supply voltage) and the output buffer amplifier 
is short-circuit protected. 

The AD636 includes an auxiliary dB output. This signal is 
derived from an internal circuit point which represents the 
logarithm of the rms output. The OdB reference level is set 
by an externally supplied current and can be selected by the 
user to correspond to any input level from OdBm (774.6mV) 
to -20dBm (77.46mV). Frequency response ranges from 
1.2MHz at a OdBm level to over lOkHz at -50dBm. 

The AD636 is designed for ease of use. The device is factory- 
trimmed at the wafer level for input and output offset, posi- 
tive and negative waveform symmetry (dc reversal error), and 
full scale accuracy at 200mV rms. Thus no external trims are 
required to achieve full rated accuracy. 

The AD636 is available in two accuracy grades; the AD636J 
has a' total error of ±0.5mV ±0.6% of reading, and the AD636K 



AD636 FUNCTIONAL BLOCK DIAGRAM 




is accurate within ±0.2mV to ±0.3% of reading. Both versions 
are specified for the to +70°C temperature range, and are 
offered in either a hermetically sealed 14-pin DIP or a 10-pin 
TO-lOO metal can. 

PRODUCT HIGHLIGHTS 

1. The AD636 computes the true root-mean-square of a com- 
plex ac (or ac plus dc) input signal and gives an equivalent 
dc output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since 
it is a measure of the power in the signal. The rms value 

of an ac-coupled signal is also its standard deviation. 

2. The 200 millivolt full scale range of the AD636 is com- 
patible with many popular display-oriented analog-to-digital 
converters. The low power supply current requirement 
permits use in battery-powered hand-held instruments. 

3. The only external component required to perform mea- 
surements to the fully specified accuracy is the averaging 
capacitor. The value of this capacitor can be selected for 
the desired trade-off of low frequency accuracy, ripple, and 
settling time. 

4. The on-chip buffer amplifier can be used to buffer either 
the input or the output. Used as an input buffer, it pro- 
vides accurate performance from standard lOMfi input 
attenuators. As an output buffer, it can supply up to 5 
milliamps of output current. 

5. The AD636 will operate over a wide range of power sup- 
ply voltages, including single +5V to +24V or split ±2.5V 
to ±16. 5V sources. A standard 9V battery will provide 
several hundred hours of continuous operation. 
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drLUinuHiiu 


no (@ +2^% and +Vs= 


= +3Y. - 


-Vs= -5V unless otheiwise noted) 


Model 


AD636J 




AD636K 






Min Typ Max 


Min 


Typ Max 


Units 


TRANSFER FUNCTION 


VouT = Vavg.(Vn,)2 


VoUT 


= Vavg.(ViN)2 




CONVERSION ACCURACY 










Total Error, Internal Trim' '^ 


±0.5 ±0.6 




±0.2 ±0.3 


mV±% of Reading 


vs. Temperature, to + 70^ 


±0.1 ±0 01 




±0.1 ±0.005 


mV±%ofReading/°C 


vs. Supply Voltage 


±0.1 ±0.01 




±0.1 ±0.01 


mV±%ofReadingAf 


dc Reversal Error at 200mV 


±0.2 




±0.1 


% of Reading 


Total Error, External Trim' 


±0.3 ±0.1 




±0.1 ±0.1 


mV ±% of Reading 


ERROR VS. CREST FACTOR' 










Crest Factor 1 to 2 


Specified Accuracy 


Specified Accuracy 




Crest Factor = 3 


-0.2 




-0.2 


% of Reading 


Crest Factor = 6 


-0.5 




-0.5 


% of Reading 


AVERAGING TIME CONSTANT 


25 


25 


ms/,xFCAV 


INPUT CHARACTERISTICS 










Signal Range, All Supplies 










Continuous rms Level 


to 200 




to 200 


mVrms 


Peak Transient Inputs 










+ 3V,-5V Supply 


±2.8 




±2.8 


Vpk 


± 2.5V Supply 


±2.0 




±2.0 


Vpk 


±5V Supply 


±5.0 




±5.0 


Vpk 


Maximum Continuous Non-Destructive 










Input Level (All Supply Voltages) 


±12 




±12 


Vpk 


Input Resistance 


5.33 6.67 8 


5.33 


6.67 8 


kn 


Input Offset Voltage 


±0.5 




±0.2 


mV 


FREQUENCY RESPONSE^'^ 










Bandwidth for 1% additional error (0.09dB) 










V,N = 10mV 


14 




14 


kHz 


V,N = 100mV 


90 




90 


kHz 


ViN = 200mV 


130 




130 


kHz 


±3dB Bandwidth 










ViN = 10mV 


100 




100 


kHz 


ViN=100mV 


900 




900 


MHz 


V,N = 200mV 


1.5 




1.5 


MHz 


OUTPUT CHARACTERISTICS^ 










Offset Voltage, Vin = COM 


±0.5 




±0.2 


mV 


vs Temperature 


±10 




±10 


tivrc 


vs. Supply 


±0.1 




±0.1 


mVA^ 


Voltage Swmg 










+ 3V,-5V Supply 


to +1.0 


Oto + 1.0 




V 


± 5V to ± 16.5V Supply 


Oto+LO +1.4 


Oto+1.0 


+ 1.4 


V 


Output Impedance 


8 10 12 


8 


10 12 


kn 


dB OUTPUT 










Error, Vin = 7mVto300mVrms 


±0.3 ±0.5 




±0.1 ±0.2 


dB 


Scale Factor 


-3.0 




-3.0 


mV/dB 


Scale Factor Temperature Coefficient 


+ 0.33 




+ 0.33 


%ofReading/°C 




-0.033 




-0.033 


dB/°C 


iREpforOdB = IV rms 


2 4 8 


2 


4 8 


(jiA 


Iref Range 


1 50 


1 


50 


ftA 


louT TERMINAL 










louT Scale Factor 


100 




100 


(juA/Vrms 


louT Scale Factor Tolerance 


-20 ±10 +20 


-20 


±10 +20 


% 


Output Resistance 


8 10 12 


8 


10 12 


kfi 


Voltage Compliance 


-Vsto( + Vs 




-Vsto( + Vs 






-2V) 




-2V) 


V 


BUFFER AMPLIFIER 










Input and Output Voltage Range 


-Vsto( + Vs 


-Vsto( + 


Vs 






-2V) 


-2V) 




V 


Input Offset Voltage, Rs = 10k 


±0.8 ±2 




±0.5 ±1 


mV 


Input Bias Current 


20 60 




20 60 


nA 


Input Resistance 


10« 




10" 


ft 


Output Current 


( + 5mA, 
- BOftA) 


( + 5mA, 
- 130^A) 






Short Circuit Current 


20 




20 


mA 


Small Signal Bandwidth 


1 




1 


MHz 


SlewRate^* 


5 




5 


V/J.S 


POWER SUPPLY 










Voltage, Rated Performance 


+ 3,-5 




+ 3,-5 


V 


DualSuply 


+ 2,-2.5 ±16.5 


+ 2,-2.5 


±16.5 


V 


Single Suply 


+ 5 +24 


+ 5 


+ 24 


V 


Quiescent Current* 


0.80 1.00 




0.80 LOO 


mA 


TEMPERATURE RANGE 












+70 





+ 70 


°C 


Storage 


-55 +150 


-55 


+ 150 


°C 


PACKAGE OPTIONS^ 










TO-116(D-14) 


AD636JD 




AD636KD 




TL-IOO(H-IOA) 


AD636JH 




AD636KH 





NOTES 

'Accuracy specified for to 200mV rms, dc or IkHz sinewave input 

Accuracy is degraded at higher rms signal levels 
^Measured at pin 8 of DIP (1out)> with pm 9 tied to common. 
'Error vs. crest factor is specified as additional error for a 200mV rms 

rectangular pulse tram, pulse width = 200(i.s. 
''Input voltages are expressed m volts rms. 



'With lOkn pull down resistor from pm 6 (BUF OUT) to - Vs. 
*With BUF input aed to Common. 
^See Section 16 for package outline information. 
SpecificaQons subject to change without nouce 

Specifications shown in boldface are tested on all producuon umts at final 
electrical test. Results from those tests are used to calculate outgoing quahty 
levels. All mm and max specifications are guaranteed, although only those 
shown m boldface are tested on all production umts. 
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Applying the AD636 



STANDARD CONNECTION 

The AD636 is simple to connect for the majority of high 
accuracy rms measurements, requiring only an external capac- 
itor to set the averaging time constant. The standard connec- 
tion is shown in Figure 1. In this configuration, the AD636 
will measure the rms of the ac and dc level present at the 
input, but will show an error for low frequency inputs as a 
function of the filter capacitor, Cav» ^s shown in Figure 5. 
Thus, if a 4jLlF capacitor is used, the additional average error 
at lOHz will be 0.1%, at 3 Hz it will be 1%. The accuracy at 
higher frequencies will be according to specification. If it is 
desired to reject the dc input, a capacitor is added in series with 
with the input, as shown in Figure 3 ; the capacitor must be 
non-polar. If the AD636 is driven with power supplies with 
a considerable amount of high frequency ripple, it is advisable 
to bypass both supplies to ground with O.ljuF ceramic discs as 
near the device as possible. Cp is an optional output ripple 
filter, as discussed elsewhere in this data sheet. 

The input and output signal ranges are a function of the sup- 
ply voltages as detailed in the specifications. The AD636 can 
also be used in an unbuffered voltage output mode by dis- 
connecting the input to the buffer. The output then appears 
unbuffered across the 10k resistor. The buffer amplifier can 
then be used for other purposes. Further, the AD636 can be 
used in a current output mode by disconnecting the 10k re- 
sistor from the ground. The output current is available at 
pin 8 (pin 10 on the *'H" package) with a nominal scale 
of lOOjuA per volt rms input, positive out. 




Figure 1. Standard rms Connection 

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY 

If it is desired to improve the accuracy of the AD636, the 
external trims shown in Figure 2 can be added. R4 is used to 
trim the offset. The scale factor is trimmed by using Rj 
as shown. The insertion of R2 allows Rj to either increase 
or decrease the scale factor by ±1.5%. 

The trimming procedure is as follows: 

1. Ground the input signal, Vjn, and adjust R4 to give zero 
volts output from pin 6. Alternatively, R4 can be adjusted to 
give the correct output with the lowest expected value of Vin. 

2. Connect the desired full scale input level to Vjn , either 

dc or a calibrated ac signal (IkHz is the optimum frequency); 
then trim Ri to give the correct output from pin 6, i.e., 
200mV dc input should give 200mV dc output. Of course, a 



±200mV peak-to-peak sinewave should give a 141. 4mV dc out- 
put. The remaining errors, as given in the specifications, are 
due to the nonlinearity. 

SINGLE SUPPLY CONNECTION 

The applications in Figures 1 and 2 assume the use of dual 
power supplies. The AD636 can also be used with only a 
single positive supply down to +5 volts, as shown in 
Figure 3. Figure 3 is optimized for use with a 9 volt battery. 
The major limitation of this connection is that only ac 
signals can be measured since the input stage must be biased 
off ground for proper operation. This biasing is done at pin 
10; thus it is critical that no extraneous signals be coupled into 
this point. Biasing can be accomplished by using a resistive 
divider between +Vs and ground. The values of the resistors 
can be increased in the interest of lowered power consump- 
tion, since only 1 microamp of current flows into pin 10 (pin 
2 on the **H" package). Alternately, the COM pin of some 
CMOS ADCs provides a suitable artificial ground for the 
AD636. AC input coupling requires only capacitor C2 as 
shown; a dc return is not necessary as it is provided internally. 
C2 is selected for the proper low frequency break point with 
the input resistance of 6.7kl2; for a cut-off at lOHz, C2 should 
be 3.3jLiF. The signal ranges in this connection are slightly more 
restricted than in the dual supply connection. The load resis- 
tor, Rl, is necessary to provide current sinking capability. 
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Figure 2. Optional External Gain and Output Offset Trims 
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Figure 3. Single Supply Connection 
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CHOOSING THE AVERAGING TIME CONSTANT 

The AD636 will compute the rms of both ac and dc signals, 
if the input is a slowly-varying dc voltage, the output of the 
AD636 will track the input exactly. At higher frequencies, 
the average output of the AD636 will approach the rms value 
of the input signal. The actual output of the AD636 will differ 
from the ideal output by a dc (or average) error and some 
amount of ripple, as demonstrated in Figure 4. 
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IDEAL 

DC ERROR = 
(IDEAL) 

i_ 
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^AVERAGE En 



Figure 4. Typical Output Waveform for Sinusoidal Input 

The dc error is dependent on the input signal frequency and 
the value of Cav- Figure 5 can be used to determine the mini- 
mum value of Cav which will yield a given % dc error above 
a given frequency using the standard rms connection. 
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Figure 5. Error/Settling Time Graph for Use with the Standard 
rms Connection 

The ac component of the output signal is the ripple. There are 
two ways to reduce the ripple. The first method involves using 
a large value of Cav- Since the ripple is inversely proportional 
to Cav» a tenfold increase in this capacitance will effect a ten- 
fold reduction in ripple. When measuring waveforms with high 
crest factors, (such as low duty cycle pulse trains), the aver- 
aging time constant should be at least ten times the signal peri- 
od. For example, a lOOHz pulse rate requires a 100ms time 
constant, which corresponds to a 4juF capacitor (time con- 
stant = 25ms per juF). 
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Figure 6. Settling Time vs. Input Level 



The primary disadvantage in using a large Cav t:o remove rip- 
ple is that the settling time for a step change in input level is 
increased proportionately. Figure 5 shows the the relationship 
between Cav ^^^ 1% settling time is 115 milliseconds for 
each microfarad of Cav- The settling time is twice as great 
for decreasing signals as for increasing signals (the values in 
Figure 5 are for decreasing signals). Settling time also in- 
creases for low signal levels, as shown in Figure 6. 
A better method for reducing output ripple is the use of a 
**post-filter". Figure 7 shows a suggested circuit. If a single- 
pole filter is used (C3 removed, Rx shorted), and C2 is approx- 
imately 5 times the value of Cav» the ripple is reduced as 
shown in Figure 8, and settling time is increased. For ex- 
ample, with Cav = IpfF and C2 = 4.7juF, the ripple for a 
60Hz input is reduced from 10% of reading to approximate- 
ly 0.3% of reading. The settling time, however, is increased 
by approximately a factor of 3. The values of Cav ^"^ Q 
can therefore be reduced to permit faster settling times 
while still providing substantial ripple reduction. 
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(FOR SINGLE POLE, 
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Figure 7. 2 Pole "Posf Filter 

The two-pole post-filter uses an active filter stage to provide 
even greater ripple reduction without substantially increasing 
the settling times over a circuit with a one-pole filter. The 
values of Cav» ^2 » and C3 can then be reduced to allow ex- 
tremely fast settling times for a constant amount of ripple. 
Caution should be exercised in choosing the value of Cav» 
since the dc error is dependent upon this value and is inde- 
pendent of the post filter. 

For a more detailed explaination of these topics refer to 
the RMS-to-DC Conversion Application Guide, 2nd Edition, 
available from Analog Devices. 
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Figure 8. Performance Features of Various Filter Types 
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rms Measurements 



AD636 PRINCIPLE OF OPERATION 

The AD636 embodies an implicit solution of the rms equa- 
tion that overcomes the dynamic range as well as other limi- 
tations inherent in a straight-forward computation of rms. 
The actual computation performed by the AD636 follows 
the equation: 



L v„„, J 



Figure 9 is a simplified schematic of the AD636; it is sub- 
divided into four major sections: absolute value circuit (ac- 
tive rectifier), squarer/divider, current mirror, and buffer am- 
plifier. The input voltage, Vjj^, which can be ac or dc, is con- 
verted to a unipolar current Ii , by the active rectifier Aj , A2 . 
Ii drives one input of the squarer/divider, which has the 
transfer function: 

I4 = hVh 

The output current, I4, of the squarer/divider drives the cur- 
rent mirror through a low pass filter formed by Ri and the 
externally connected capacitor, Cav ^^ the Ri , Cjs^y time 
constant is much greater than the longest period of the input 
signal, then I4 is effectively averaged. The current mirror re- 
turns a current I3, which equals Avg. II4] , back to the squarer/ 
divider to complete the implicit rms computation. Thus: 

I4 = Avg. [Ii^/Ul = Ii rms 

The current mirror also produces the output current, Iqut* 
which equals 2I4 . Iqut ^^" ^^ used directly or converted to 
a voltage with R2 and buffered by A4 to provide a low im- 
pedance voltage output. The transfer function of the AD636 
thus results: 

^OUT = 2R2 I^ms = ^IN rms 

The dB output is derived from the emitter of Q3 , since the 
voltage at this point is proportional to -log Vnsf. Emitter fol- 
lower, Q5 , buffers and level shifts this voltage, so that the 
dB output voltage is zero when the externally supplied 
emitter current (Iref) ^o Q.5 approximates I3. 

CURRENT MIRROR 



ABSOLUTE VALUE/ 

VOLTAGE - CURRENT 

CONVERTER 



Q- 




THE AD636 BUFFER AMPLIFIER 

The buffer ampUfier included in the AD636 offers the user 
additional application flexibility. It is important to understand 
some of the characteristics of this amplifier to obtain optimum 
performance. Figure 10 shows a simplified schematic of the 
buffer. 

Since the output of an rms-to-dc converter is always positive, 
it is not necessary to use a traditional complementary Class 
AB output stage. In the AD636 buffer, a Class A emitter 
follower is used instead. In addition to excellent positive out- 
put voltage swing, this configuration allows the output to 
swing fully down to ground in single-supply applications 
without the problems associated with most IC operational 
amplifiers. 




V. Rexternal 

Vs (OPTIONAL, SEE TEXT) 



Figure 10. AD636 Buffer Amplifier Simplified Schematic 

When this amplifier is used in dual-supply applications as an 
input buffer amplifier driving a load resistance referred to 
ground, steps must be taken to insure an adequate negative 
voltage swing. For negative outputs, current will flow from the 
load resistor through the 40kfi emitter resistor, setting up a 
voltage divider between -Vs and ground. This reduced effec- 
tive -Vs will limit the available negative output swing of the 
buffer. Addition of an external resistor in parallel with Re 
alters this voltage divider such that increased negative swing 
is possible. 

Figure 1 1 shows the value of Rexternal for ^ particular 
ratio of Vpeak to -Vs for several values of Rload- Addition 
of Rexternal increases the quiescent current of the buffer 
amplifier by an amount equal to Rext/~Vs- Nominal buffer 
quiescent current with no Rexternal is 30jLtAat-Vs = -5V. 
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Figure 9. Simplified Schematic 



Figure 11. Ratio of Peak Negative Swing to -V^ vs. 
f^ EXTERNAL for Several Load Resistances 
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FREQUENCY RESPONSE 

The AD636 utilizes a logarithmic circuit in performing the 
implicit rms computation. As with any log circuit, bandwidth 
is proportional to signal level. The solid lines in the graph be- 
low represent the frequency response of the AD636 at input 
levels from 1 millivolt to 1 volt rms. The dashed lines indi- 
cate the upper frequency limits for 1%, 10%, and ±3dB of 
reading additional error. For example, note that a 1 volt rms 
signal will produce less than 1% of reading additional error up 
to 220kHz. A 10 millivolt signal can be measured with 1% 
of reading additional error (lOOjuV) up to 14kHz. 
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of an ac measurement. Crest factor is defined as the ratio of the 
the peak signal amplitude to the rms value of the signal (C.F. = 
Vp/Vrms)- Most common waveforms, such as sine and triangle 
waves, have relatively low crest factors (<2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring 
in switching power supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1% duty 
cycle has a crest factor of 10 (C.F. = llyri). 

Figure 1 3 is a curve of reading error for the AD636 for a 
200mV rms input signal with crest factors from 1 to 7. A rec- 
tangular pulse train (pulse width 200jLts) was used for this test 
since it is the worst-case waveform for rms measurement (all 
the energy is contained in the peaks). The duty cycle and peak 
amplitude were varied to produce crest factors from 1 to 7 
while maintaining a constant 200mV rms input amplitude. 



CF=1/v^ 

eiN (rms) = 200mV 






100k 
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Figure 12. AD636 Frequency Response 

AC MEASUREMENT ACCURACY AND CREST FACTOR 

Crest factor is often overlooked in determining the accuracy 




CREST FACTOR 

Figure 13. Error vs. Crest Factor 



A COMPLETE AC DIGITAL VOLTMETER 

Figure 14 shows a design for a complete low power ac digital 
voltmeter circuit based on the AD636. The 10M12 input at- 
tenuator allows full scale ranges of 200mV, 2V, 20V and 
200V rms. Signals are capacitively coupled to the AD636 
buffer amplifier, which is connected in an ac bootstrapped 
configuration to minimize loading. The buffer then drives 
the 6.7kfi input impedance of the AD636. The COM termi- 
nal of the ADC chip provides the false ground required by 
the AD636 for single supply operation. An AD589 1.2 
volt reference diode is used to provide a stable 100 millivolt 
reference for the ADC in the linear rms mode; in the dB mode. 



a 1N4148 diode is inserted in series to provide correction 
for the temperature coefficient of the dB scale factor. Cal- 
ibration of the meter is done by first adjusting offset pot 
R17 for a proper zero reading, then adjusting the R13 for an 
accurate readout at full scale. 

Calibration of the dB range is accomplished by adjusting R9 
for the desired OdB reference point, then adjusting R14 for 
the desired dB scale factor (a scale of 10 counts per dB is 
convenient). 

Total power supply current for this circuit is typically 
2.8mA using a 7106-type ADC. 




Figure 14. A Portable, Higfi Z input, rms DPIVI and dB 
i\4eter Circuit 
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ANALOG 
DEVrCES 



High Precision 
Wideband rms-to-dc Converter 




FEATURES 
High Accuracy 

0.02% Max Nonlinearity, to 2V rms Input 

0.10% Additional Error to Crest Factor of 3 
Wide Bandwidth 

8MHz at 2V rms Input 

600kHz at 100mV rms 
Computes: 

True rms 

Square ' 

Mean Square 

Absolute Value 
dB Output (60dB Range) 
Chip Select-Power Down Feature Allows: 

Analog "3-State" Operation 

Quiescent Current Reduction from 2.2mA to 350}jlA 

Side-Brazed DIP or Low-Cost Cerdip 

PRODUCT DESCRIPTION 

The AD637 is a complete high accuracy monolithic rms to dc 
converter that computes the true rms value of any complex 
waveform. It offers performance that is unprecedented in inte- 
grated circuit rms to dc converters and comparable to discrete 
and modular techniques in accuracy, bandwidth and dynamic 
range. A crest factor compensation scheme in the AD637 permits 
measurements of signals with crest factors of up to 10 with less 
than 1% additional error. The circuit's wide bandwidth permits 
the measurement of signals up to 600kHz with inputs of 200mV 
rms and up to 8MHz when the input levels are above 2V rms. 

As with previous monolithic rms converters from Analog Devices, 
the AD637 has an auxiliary dB output available to the user. The 
logarithm of the rms output signal is brought out to a separate 
pin allowing direct dB measurement with a useful range of 
60dB. An externally programmed reference current allows the 
user to select the OdB reference voltage to correspond to any 
level between O.IV and 2.0V rms. 

A chip select connection on the AD637 permits the user to 
decrease the supply current from 2.2mA to 350|jlA during periods 
when the rms function is not in use. This feature facilitates the 
addition of precision rms measurement to remote or hand-held 
applications where minimum power consumption is critical. In 
addition when the AD637 is powered down the output goes to a 
high impedance state. This allows several AD637s to be tied 
together to form a wide-band true rms multiplexer. 

The input circuitry of the AD637 is protected from overload 
voltages that are in excess of the supply levels. The inputs will 
not be damaged by input signals if the supply voltages are lost. 



AD637 FUNCTIONAL BLOCK DIAGRAM 




The AD637 is available in two accuracy grades (J, K) for com- 
mercial (O to + 70*'C) temperature range applications and one 
(S) rated over the - 55°C to + 125°C temperature range. All 
versions are available in hermetically-sealed, 14-pin side-brazed 
ceramic DIPs as well as low-cost cerdip packages. 

PRODUCT HIGHLIGHTS 

1 . The AD637 computes the true root-mean-square, mean square, 
or absolute value of any complex ac (or ac plus dc) input 
waveform and gives an equivalent dc output voltage. The 
true rms value of a waveform is more useful than an average 
rectified signal since it relates directly to the power of the 
signal. The rms value of a statistical signal is also related to 
the standard deviation of the signal. 

2. The AD637 is laser wafer trinmied to achieve rated performance 
without external trimming. The only external component 
required is a capacitor which sets the averaging time period. 
The value of this capacitor also determines low frequency 
accuracy, ripple level and settling time. 

3. The chip select feature of the AD637 permits the user to 
power down the device down during periods of nonuse, 
thereby, decreasing battery drain in remote or hand-held 
appUcations. 

4. The on-chip buffer ampUfier can be used as either an input 
buffer or in an active filter configuration. The filter can be 
used to reduce the amount of ac ripple, thereby, increasing 
the accuracy of the measurement. 
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orLOinuHiiur 


lO (@ +25°C, and ±15V dc unless otherwise noted) 








Model 


AD637AJ 




AD637AK 


AD637AS 








Min Typ 


Max 


Min Typ Max 


Min Typ 


Max 


Units 


TRANSFER FUNCTION 


Vour- Vavg(V,N)^ 


VouT = Vavg (Vin)' 


VouT - Vavg (V,n)^ , 




CONVERSION ACCURACY 














Total Error, Internal Trim' (Fig 2) 




±1±0.5 


±0.5±0.2 




±1±0.5 


mV±% of Reading 


Tmmt0T„,a, 




±3.0 ±0.6 


±2.0 ±0.3 




±6 ±0.7 


mV±% of Reading 


vs Supply + 


30 


150 


30 150 


30 


150 


^V/V 


vs Supply - 


100 


300 


100 300 


100 


300 


fxV/V 


dc Reversal Error at 2 V 




0.25 


0.1 




0.25 


% of Reading 


Nonlmearity 2V Full Scale^ 




0.04 


0.02 




0.04 


%ofFSR 


Nonlmeaniy7V Full Scale 




0.05 


0.05 




0.05 


%ofFSR 


Total Error, External Trim 


±05±0 1 




±0 25 ±0 05 


±05±0 1 




mV±% of Reading 


ERROR VS . CREST FACTOR^ 














Crest Factor! to 2 


Specified Accuracy 




Specified Accuracy 


Specified Accuracy 






Crest Factor = 3 


±0 1 




±0 1 


±01 




% of Reading 


Crest Factor = 10 


±1 




±1 


±10 




% of Reading 


AVERAGING TIME CONSTANT 


23 


25 


» 


ms/jiFCAV 


INPUT CHARACTERISTICS 














Signal Range, ± 15V Supply 














Continuous rms Level 


Oto7 




0to7 


Oto7 




Vrms 


Peak Transient Input 




±15 


±15 




±15 


Vp-P 


Signal Range, ±5V Supply 














Continuous rms Level 


0to4 




0to4 


0to4 




Vrms 


Peak Transient Input 




±6 


±6 




±6 


Vp-p 


Maximum Continuous Non-Destructive 














Input Level (All Supply Voltages) 




±15 


±15 




±15 


Vp-p 


Input Resistance 


64 8 


96 


64 8 96 


64 8 


96 


kfl 


Input Offset Voltage 




±05 


±02 




±05 


mV 


FREQUENCY RESPONSE^ 














Bandwidth for 1% additional error (0 09dB) 














V,N = 20mV 


11 




11 


11 




kHz 


ViN = 200mV 


66 




66 


66 




kHz 


V,N = 2V 


200 




200 


200 




kHz 


± 3dB Bandwidth 














V,N = 20mV 


150 




150 


150 




kHz 


VrN = 200mV 


1 




1 


1 




MHz 


ViN = 2V 


8 




8 


8 




MHz 


OUTPUT CHARACTERISTICS 














Offset Voltage 




±1 


±0.5 




±1 


mV 


vs Temperature 


±0.05 


±0.089 


±0 04 ±0.056 


±0 04 


±0.07 


mV/°C 


Voltage Swing, ± 15V Supply, 














2kf 1 Load 


Oto+12.0 +13 5 




Oto+12.0 +13 5 


Oto+12.0 +13 5 




V 


Voltage Swing, ± 3V Supply, 














2k(l Load 


etc +2 +2.2 




Oto +2 +2.2 


Oto +2 +2 2 




V 


Output Current 


6 




6 


6 




mA 


Short Circuit Current 


20 




20 


20 




mA 


Resistance, Chip Select "High" 


05 




0.5 


05 




Mfl 


Resistance, Chip Select "Low" 


100 




100 


100 




kfi 


dB OUTPUT 














Error, V,N7mV to 7V rms, OdB = IV rms 


±1 




±1 


±1 




dB 


Scale Factor 


-3 




-3 


-3 




mV/dB 


Scale Factor Temperature Coefficient 


+ 33 




+ 33 


+ 0.33 




%ofReadmg/°C 




-0 033 




-0.033 


-0.033 




dB/°C 


iRrrforOdB = IV rms 


5 20 


80 


5 20 80 


5 20 


80 


HA 


iRrr Range 


1 


100 


1 100 


1 


100 


HA 


BUFFER AMPLIFIER 














Jnput and Output Voltage Range 


-Vsto( + Vs 




-Vsto( + Vs 


-Vsto( + Vs 








-2 5V) 




-2 5V) 


-2 5V) 




V 


Input Offset Voltage 


±08 


±2 


±05 ±1 


±08 


±2 


mV 


Input Current 


±2 


±10 


±2 ±5 


±2 


±10 


nA 


Input Resistance 


lO** 




10« 


lO'* 




il 


Output Current 


( + 5mA, 
- 130fxA) 




( + 5mA, 
- 130|xA) 


( + 5mA, 
-130|jlA) 






Short Circuit Current 


20 




20 


20 




mA 


Small Signal Bandwidth 


1 




1 


1 




MHz 


Slew Rate' 


5 




5 


5 




V/jiS 


DENOMINATOR INPUT 














Input Range 


Oto + 10 




Oto + 10 


Oto + 10 




V 


Input Resistance 


zQ 25 


30 ' 


20 25 30 


20 25 


30 


kn 


Offset Voltage 


±02 


±0 5 


±02 ±05 


±02 


±05 


mV 


CHIP SELECT PROVISION (CS) 














rms "ON" Level 


Openor +24V<V(< + Vs 


Openor+2 4V<V(<+Vs 


Openor+2 4V<Vc< + Vs 




rms "OFF" Level 


V( < < 2V 




V( < + 2V 


V(< + 2V 






I()LT of Chip Select 














CS"LOW" 


10 




10 


10 




UiA 


CS-HIGH" 


Zero 




Zero 


Zero 






On Time Constant 


10^sH(25kn)vCA\ 


) 


10pLS + ((25kfl)xCAv) 


10Mis + ((25kn)xCAv) 




Off Time Constant 


10fjLS + ((25kJi)xCAv 


) 


10pLS + ((25kn)xCAv) 


10pis + ((25kn)xCAv 


) 





8-18 RMS-TO-DC CONVERTERS 



Model 


Min 


AD637AJ 
Typ 


Max 


Min 


AD637AK 

Typ 


Max 


Min 


AD637AS 

Typ 


Max 


Units 


POWER SUPPLY 
Operating Voltage Range 
Quiescent Current 
Standby Current 


±3.0 


2.2 
350 


+ 18 

3 

450 


±3.0 


2.2 
35,0 


±18 

3 

450 


±3.0 


2.2 
350 


±18 

3 

450 


V 

mA 
^A 


PACKAGE OPTIONS* 
TO-116-(D-14) 
Cerdip(Q-14) 




AD637AJD 
AD637AJQ 




AD637AKD 
AD637AKQ 


AD637ASD 

N/A 





NOTES 

'Accuracy specified 0-7V rms dc with AD637 connected as shown in Figure 2. 
^Nonlmeanty is defined as the maximum devianon from the straight line 
connecting the readings at lOmV and 2V. 
'Error vs. crest factor is specified as additional error for IV rms 
*Input voltages are expressed m volts rms. % are m % of reading. 
*With external 2kfl pull down resistor tied to - Vs 
*See Section 1 6 for package outline information 
Specifications subject to change without notice 



Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production umts 



BUFF OUT (,4)- 
BUFF If 





Figure 1. Simplified Scliematic 
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FUNCTIONAL DESCRIPTION 

The AD637 embodies an implicit solution of the rms equation 
that overcomes the inherent limitations of straightforward rms 
computation. The actual computation performed by the AD637 
follows the equation 



V rms = Avg 



L Vrms J 



L rms 



Figure 1 is a simplified schematic of the AD637, it is subdivided 
into four major sections; absolute value circuit (active rectifier), 
square/divider, filter circuit and buffer ampUfier. The input 
voltage ViN which can be ac or dc is converted to a unipolar 
current II by the active rectifier Al, A2. II drives one input of 
the squarer divider which has the transfer function 

The output current of the squarer/divider, 14 drives A4 which 
forms a low pass filter with the external averaging capacitor. If 
the RC time constant of the filter is much greater than the 
longest period of the input signal than A4s output will be pro- 
portional to the average of 14. The output of this filter amplifier 
is used by A3 to provide the denominator current 13 which 
equals Avg. 14 and is returned to the squarer/divider to complete 
the impHcit rms computation. 

l4 = Avg[f ] = 

■'•4 

and 

VouT = ViN rms 

If the averaging capacitor is omitted the AD637 will compute 
the absolute value of the input signal. A nominal 5pF capacitor 
should be used to insure stabihty. The circuit operates identically 
to that of the rms configuration except that 13 is now equal to 
14 giving 

l4=|Ill 

The denominator current can also be suppUed externally by 
providing a reference voltage, Vref? to pin 6. The circuit operates 
identically to the rms case except that 13 is now proportional to 
Vref- Thus: 

l4 = Avgf 

and 



This is the mean square of the input signal. 



E 



E- 



E^ 



N 



OPTIONAL 
AC COUPLING 
CAPACITOR 



SQUARER/DIVIDER 



rap 

I ^ FILTER f . 




Figure 2. Standard rms Connection 
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STANDARD CONNECTION 

The AD637 is simple to connect for a majority of rms measure- 
ments. In the standard rms connection shown in Figure 2, only 
a single external capacitor is required to set the averaging time 
constant. In this configuration, the AD637 will compute the 
true rms of any input signal. An averaging error, the magnitude 
of which will be dependent on the value of the averaging capacitor, 
will be present at low frequencies. For example, if the filter 
capacitor Cav> is 4|xF this error will be 0. 1% at lOHz and increases 
to 1% at 3Hz. If it is desired to measure only ac signals the 
AD637 can be ac coupled through the addition of a nonpolar 
capacitor in series with the input as shown in Figure 2. 

The performance of the AD637 is tolerant of minor variations in 
the power supply voltages, however, if the suppUes being used 
exhibit a considerable amoimt of high frequency ripple it is 
advisable to bypass both suppHes to ground through a O.ljxF 
ceramic disc capacitor placed as close to the device as possible. 

The output signal range of the AD637 is a function of the supply 
voltages, as shown in Figure 3. The output signal can be used 
buffered or nonbuffered depending on the characteristics of the 
load. The output of the AD637 is capable of driving 5mA into a 
2kn load without degrading the accuracy of the device. 
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±3 ± 


5 ±0 ±1 


5 ±1 



SUPPLY VOLTAGE - DUAL SUPPLY - Volts 

Figure 3. AD637 max Vqut ^s. Supply Voltage 

CHIP SELECT 

The AD637 includes a chip select feature which allows the user 
to decrease the quiescent current of the device from 2.2mA to 
350|xA. This is done by driving the CS, pin 5, to below 0.2V 
dc. Under these conditions, the output will go into a high im- 
pedance state. In addition to lowering power consumption, this 
feature permits bussing the outputs of a number of AD637s to 
form a wide bandwidth rms multiplexer. If the chip select is not 
being used, pin 5 should be tied high or left floating. 

OPTIONAL TRIMS FOR HIGH ACCURACY 

The AD637 includes provisions to allow the user to trim out 
both output offset and scale factor errors. These trims will 
result in significant reduction in the maximum total error as 
shown in Figure 4. This remaining error is due to a nontrimmable 
input offset in the absolute value circuit and the irreducible 
nonlinearity of the device. 

The trimming procedure on the AD637 is as follows: 

1. Ground the input signal, Vin and adjust Rl to give OV output 
from pin 9. Alternatively Rl can be adjusted to give the 
correct output with the lowest expected value of Vin. 

2. Connect the desired full scale input to Vinj using either a dc 
or a calibrated ac signal, trim R3 to give the correct output 
at pin 9, i.e., IV dc should give l.OOOV dc output. Of course, 
a 2V peak-to-peak sine wave should give 0.707V dc output. 
Remaining errors are due to the nonlinearity. 




AD637K 5mV ±0 2% 

25mV ±0 05% 
EXTERNAL 



INPUT LEVEL - Volts 



Figure 4. Max Total Error vs. Input Level AD637K Internal 
and External Trims 




Figure 5. Optional External Gain and Offset Trims 

CHOOSING THE AVERAGING TIME CONSTANT 

The AD637 will compute the true rms value of both dc and ac 
input signals. At dc the output will track the absolute value of 
the input exactly; with ac signals the AD637*s output will approach 
the true rms value of the input. The deviation from the ideal 
nns value is due to an averaging error. The averaging error is 
comprised of an ac and dc component. Both components are 
functions of input signal frequency f , and the averaging time 
constant t (t: ISms/yJF of averaging capacitance). As shown in 
Figure 6, the averaging error is defined as the peak value of the 
ac component, ripple, plus the value of the dc error. 



The dc error appears as a frequency dependent offset at the 
output of the AD637 and follows the equation: 



1 



0.16 + 6.4T2f2 



in % of reading 



Since the averaging time constant, set by Cav> directly sets the 
time that the rms converter "holds" the input signal during 
computation, the magnitude of the dc error is determined only 
by Cav and will not be affected by post filtering. 
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SINEWAVE INPUT FREQUENCY - Hz 



Figure 7. Comparison of Percent dc Error to the Percent 
Peak Ripple over Frequency Using theAD637 in the Standard 
rms Connection with a l/nF Cav 

The ac ripple component of averaging error can be greatly reduced 
by increasing the value of the averaging capacitor. There are 
two major disadvantages to this: first, the value of the averaging 
capacitor will become extremely large and second, the settling 
time of the AD637 increases in direct proportion to the value of 
the averaging capacitor (Ts =11 Sms/jxP of averaging capacitance). 
A preferrable method of reducing the ripple is through the use 
of the post filter network, shown in Figure 8. This network can 
be used in either a one or two pole configuration. For most 
applications the single pole filter will give the best overall com- 
promise between ripple and settling time. 



/■ 



'VV>«-J"|.:. 



DC ERROR = AVERAGE OF OUTPUT-IDEAL 



AVERAGING ERROR 



Figure 6. Typical Output Waveform for a Sinusoidal Input 

The peak value of the ac ripple component of the averaging 
error is defined approximately by the relationship: 

T-^-f in % of reading where (T>l/f) 

This ripple can add a significant amoimt of uncertainty to the 
accuracy of the measurement being made. The uncertainty can 
be significantly reduced through the use of a post filtering network 
or by increasing the value of the averaging capacitor. 



BUFFER INPUT r 



ANALOG COM f 



f 




FOR 1 POLE 

FILTER, SHORT 

Rx AND 

REMOVE 03 



Figure 8. Two Po/e Sallen-Key Filter 
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Figure 9a shows values of Cav and the corresponding averaging 
error as a function of sine-wave frequency for the standard rms 
connection. The 1% settling time is shown on the right side of 
the graph. 

Figure 9b shows the relationship between averaging error, signal 
frequency settling time and averaging capacitor value. This 
graph is drawn for filter capacitor values of 3.3 times the averaging 
capacitor value. This ratio sets the magnitude of the ac and dc 
errors equal at 50Hz. As an example, by using a lixF averaging 
capacitor and a 3.3)jiF filter capacitor the ripple for a 60Hz 
input signal will be reduced from 5.3% of reading using the 
averaging capacitor alone to 0.15% using the single pole filter. 
This gives a factor of thirty reduction in ripple and yet the 
settling time would only increase by a factor of three. The values 
of Cav and C2, the filter capacitor, can be calculated for the 
desired value of averaging error and settling time by using 
Figure 9b. 
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Figure 9a. 
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Figure 9b. 
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Figure 9a 
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The symmetry of the input signal also has an effect on the mag- 
nitude of the averaging error. Table I gives practical component 
values for various types of 60Hz input signals. These capacitor 
values can be directly scaled for frequencies other than 60Hz, 
i.e., for 30Hz double these values, for 120Hz they are halved. 







Absolute Value 
Circuit Waveform 


RxCav 
Constant 


Errorf" 60Hz with T = 1 6 6ms 


1% 




Recommended 
Standard 
Value Cav 


Standard 
Value C2 


Time 


A 


.K^A., 


J/2T^ 


1/2T 


47^iF 


15nF 


181ms 


V 

Symmetrical Sine Wave 




' 


Sine Wave with dc Offset 


}*— T— W 


T 


82miF 


2 7^iF 


325ms 


C 


J 1 1 [_ qv 

'Pulsefrain Waveform 


-41-T. "1 


10(T-T2) 


6 8^F 


22nF 


2 67sec 


D 


^S'^- 


-r>T^ n 


10(T-2T,) 


5 6kF 


18nF 


2 17sec 



Table I. Practical Values of Cav and C2 for Various Input 
Waveforms 

For applications that are extremely sensitive to ripple, the two 
pole configuration is suggested. This configuration will mini- 
mize capacitor values and settling time while maximizing 
performance. 

Figure 9c can be used to determine the required value of Cavj 
C2 and C3 for the desired level of ripple and settling time. 

FREQUENCY RESPONSE 

The frequency response of the AD637 at various signal levels is 
shown in Figure 10. The dashed lines show the upper frequency 
limits for 1%, 10% and ± 3dB of additional error. For example, 
note that for 1% additional error with a 2V rms input the highest 
frequency allowable is 200kHz. A 200mV signal can be measured 
with 1% error at signal frequencies up to lOOkHz. 
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Figure 10. Frequency Response 

To take full advantage of the wide bandwidth of the AD637 
care must be taken in the selection of the input buffer amplifier. 
To insure that the input signal is accurately presented to the 
converter, the input buffer must have a - 3dB bandwidth that 
is wider than that of the AD637. A point that should not be 
overlooked is the importance of slew rate in this appUcation. 
For example, the minimum slew rate required for a IV rms 
5MHz sine-wave input signal is 44V/fjis. The user is cautioned 
that this is the minimum rising or falling slew rate and that care 
must be exercised in the selection of the buffer amplifier as 



some amplifiers exhibit a two-to-one difference between rising 
and falling slew rates. The AD381 is recommended as a precision 
input buffer. 

AC MEASUREMENT ACCURACY AND CREST FACTOR 

Crest factor is often overlooked in determining the accuracy of 
an ac measurement. Crest factor is defined as the ratio of the 
peak signal amplitude to the rms value of the signal (C.F. = 
VpA^rms)- Most coDMnon waveforms, such as sine and triangle 
waves, have relatively low crest factors (^2). Waveforms which 
resemble low duty cycle pulse trains, such as those occurring in 
switching p)ower supplies and SCR circuits, have high crest 
factors. For example, a rectangular pulse train with a 1% duty 
cycle has a crest factor of 10 (C.F. = l/Vrj). 

. 1^. T •^ n- DUTY CYCLE = :i^ 

ojJl-- 4-F L- "=^'^ 

11^ BIN (rms) = 1 Volt rms 



^N 


.^ 


Cav = 22|iiF 




^ 




CF = 10 




\ 


CF = 3 





PULSE WIDTH - 



Figure 1 1. AD637 Error vs. Pulse Width Rectangular Pulse 

Figure 12 is a curve of additional reading error for the AD637 
for a 1 volt rms input signal with crest factors from 1 to 11. A 
rectangular pulse train (pulse width 100|xs) was used for this 
test since it is the worst-case waveform for rms measurement 
(all the energy is contained in the peaks). The duty cycle and 
peak amplitude were varied to produce crest factors from 1 to 
10 while maintaining a constant 1 volt rms input amphtude. 
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Figure 13. Error vs. rms Input Level for Three Common 
Crest Factors 

CONNECTION FOR dB OUTPUT 

Another feature of the AD637 is the logarithmic or decibel 
output. The internal circuit which computes dB works well over 
a ^OdB range. The connection for dB measurement is shown in 
Figure 14. The user selects the OdB level by setting Rl for the 
proper OdB reference current (which is set to exactly cancel the 
log output current from the squarer/divider circuit at the desired 
OdB point). The external op amp is used to provide a more 
convenient scale and to allow compensation of the +0.33%/°C 
temperature drift of the dB circuit. The special T.C. resistor R3 
is available from Tel Labs in Londenderry, New Hampshire 
(model Q-81) and from Precision Resistor Inc., Hillside, N.J. 
(model PT146). 



d^ 




TT 



TC RESISTOR TEL LABS Q81 
PRECISION RESISTOR PT146 
OR EQUIVALENT 



Figure 14. dB Connection 



Figure 12. Add i tonal Error vs. Crest Factor 



dB CALIBRATION 

1. Set ViN = l.OOV dc or l.OOV rms 

2. Adjust Rl for OdB out = O.OOV 

3. Set ViN = O.IV dc or O.IOV rms 

4. Adjust R2 for dB out = -2.00V 

Any other dB reference can be used. by setting Vin and Rl 
accordingly. 
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LOW FREQUENCY MEASUREMENTS 

If the frequencies of the signals to be measured are below lOHz, 
the value of the averaging capacitor required to deliver even 1% 
averaging error in the standard rms connection becomes extremely 
large. The circuit shown in Figure 15 shows an alternative method, 
of obtaining low frequency rms measurements. The averaging 
time constant is determined by the product of R and Cavij in 
this circuit 0.5s/|jlF of Cav This circuit permits a 20:1 reduction 
in the value of the averaging capacitor, permitting the use of 
high quahty tantalum capacitors. It is suggested that the two 
pole Sallen-Key filter shown in the diagram be used to obtain a 
low ripple level and minimize the value of the averaging 
capacitor. 




Figure 15. AD637 as a Low Frequency rms Converter 

If the frequency of interest is below IHz, or if the value of the 
averaging capacitor is still too large, the 20: 1 ratio can be increased. 
This is accomplished by increasing the value of R. If this is 
done it is suggested that a low input current, low offset voltage 
amplifier like the AD542 be used instead of the internal buffer 
amplifier. This is necessary to minimize the offset error introduced 
by the combination of amplifier input currents and the larger 
resistance. 



VECTOR SUMMATION 

Vector siunmation can be accomplished through the use of two 
AD637s as shown in Figure 16. Here the averaging capacitors 
are omitted (nominal lOOpF capacitors are used to insure stability 
of the filter amplifier), and the outputs are summed as shown. 
The output of the circuit is 



Vo= Vv+V 



EXPANDABLE 




Figure 16. AD637 Vector Sum Configuration 

This concept can be expanded to include additional terms by 
feeding the signal from pin 9 of each additional AD637 through 
a lOkft resistor to the summing jimction of the AD611, and 
tying all of the denominator inputs (pin 6) together. 

If Cav is adde d to ICl in this configuration the output is 

V Vx^ + Vy^ If the averaging cap acitor is inc luded on both 

ICl and IC2 the output will be VVx 



+ Vy^ 



This circuit has a dynamic range of lOV to lOmV and is limited 
only by the 0.5mV offset voltage of the AD637. The useful 
bandwidth is lOOkHz. 
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Low-Cost, Low-Power 
True rms-to-dc Converter 




AD736 FUNCTIONAL BLOCK DIAGRAM 



FEATURES 
COMPUTES 

True rms Value 

Average Rectified Value 

Absolute Value 

PROVIDES 
200mV Full-Scale Input Range 
High Input Impedance of lO^^fl 
Low Input Bias Current: 25pA max 
High Accuracy: ±0.5mV ± 0.5% of Reading 
RMS Conversion with Signal Crest Factors Up to 5 
Wide Power Supply Range: +2.8V, -3.2V 

to ± 16.5V 
Low Power: 200p,A max Supply Current 
Buffered Voltage Output 

No External Trims Needed for Specified Accuracy 
AD737 - An Unbuffered Voltage Output Version 

with Chip Power Down is also Available * ^1P'hl^i%7l<& allows the choice of two signal input terminals: a 

.A ^^^^^""^^'^S^^'^^ ^^^ ^"P""^ "^^"'^^ "^'^ ^''■^'^^^y interface 
„A ''ii\%;, %:■ ^^ i^ig4^WF%!^^^"^^^^'*^ ^^^ ^ ^^^ impedance (8kfl) input 
PRODUCT DESCRIPTION ^.^i'^?^^ ''^^ wl^ftll(yf%e°'measurement of 300mV input levels, while 

The AD736 is a low-power, precision, monolithic trt^^^^^o-dc '^J^^|tipfeom the minimum power supply voltage of +2.8V, 
converter. It is laser trimmed to provide ^ii^3ci^um,S*ror o^ ^^^^%;%W! The two inputs may be used either singly or 
less than ±0.5mV ±0.5% of reading(^h^,^^ inpfts^g:^ ^„''"^iffere^lly. 

Furthermore, it maintains high^^^%i%}ite mea^ift^^i^ ''" ,^* A|^achieves a 1% of reading error bandwidth exceeding 
range of input waveforms, inclM| y/mm^4ft^^cy^cf\i%ts ,.., \(^ g^ j^put amplitudes from 20mV rms to 200mV rms 
and triac (phase) controlled sine %ves. Jh^f\o%$o^ttSd small ^;{;;f.;^^ii| consuming only ImW. 
physical size of this converter make it suita%e fcSi-'lipgradti^ tie ' ' ' 




performance of non-rms "precision rectifiers^^'in many appllcari'" 
tions. Compared to these circuits, the AD736 offers higher ^ 
accuracy at equal or lower cost. 

The AD736 can compute the rms value of both ac and dc input 
voltages. It can also be operated ac coupled by adding one external 
capacitor. In this mode, the AD736 can resolve input signal 
levels of lOOfjiV rms or less, despite variations in temperature or 
supply voltage. High acccuracy is also maintained for input 
waveforms with crest factors of 1 to 3. In addition, crest factors 
as high as 5 can be measured (while introducing only 2.5% 
additional error) at the 200m V full-scale input level. 

The AD736 has its own output buffer amplifier, thereby providing 
a great deal of design flexibility. Requiring only 200|xA of power 
supply current, the AD736 is optimized for use in portable 
multimeters and other battery powered applications. 



The AD736 is available in four performance grades. The AD736J 
and AD736K grades are rated over the commercial temperature 
range of to +70°C. The AD736A and AD736B grades are 
rated over the industrial temperature range of -40°C to +85°C. 

The AD736 is available in three low-cost 8-pin packages: plastic 
mini-DIP, plastic SO and hermetic cerdip. 

PRODUCT HIGHLIGHTS 

1 . The AD736 is capable of computing the average rectified 
value, absolute value or true rms value of various input 
signals. 

2. Only one external component, an averaging capacitor, is 
required for the AD736 to perform true rms measurement. 

3. The low power consumption of ImW makes the AD736 
suitable for many battery powered applications. 

4. A high input impedance of lO^^O eliminates the need for an 
external buffer when interfacing with input attenuators. 

5. A low impedance input is available for those applications 
requiring up to 300mV rms input signal operating from low 
power supply voltages. 



RMS-TO-DC CONVERTERS 8-25 



SPECIFICATIONS 



(@ +251! ± 5V supplies, ac coupled with 1kHz sine-wave input applied unless othewide noted.) 



Model 






/VD736J/A 






AD736K/B 








Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 






Voui 






VoUT 








TRANSFER FUNCTION 


= VAvg. (V 


^) 


:=VAVg.(VlN') 




CONVERSION ACCURACY 


IkHz Sine Wave 
















Total Error, Internal Trim^ 


ac Coupled 
















All Grades 


0-200mVrms 




0.2/0.2 


0.5/0.5 




0.2/0.2 


0.3/0.3 


±mV/±% of Reading 




200mV-lVrms 




1.2 


2.0 




1.2 


2.0 


±% of Reading 


Tmin-T.„ax 


















A&B Grades 


@200mVrms 






0.7/0.7 






0.5/0.5 


±mV/±% of Reading 


J&K Grades 


(tt)200mVrms 




0.007 






0.007 




±%ofReading/°C 


vs. Supply Voltage 


















@ 200mV rms Input 


Vs- ± 5V to ± 16.5V 





+ 0.06 


+ 0.1 





+ 0.06 


+ 0.1 


%/V 


@200mVrms Input 


Vs-±5Vto±3V 





-0.18 


-0.3 





-0.18 


-0.3 


%/V 


dc Reversal Error, dc Coupled 


@600mVdc 




1.3 


2.5 




1.3 


2.5 


% of Reading 


Nonlinearity^, 0-200mV 


@100mVrms 





+ 0.25 


+ 0.35 





+ 0.25 


+ 0.35 


% of Reading 


Total Error, External Trim 


' 0-200mVrms 




0.1/0.5 






0.1/0.3 




±mV±% of Reading 


ERROR vs. CREST FACTOR^ 


















Crest Factor 1 to 3 


CAv,CF=100tJLF 




0.7 






0.7 




% Additional Error 


Crest Factor =5 


CAv,CF=100tJiF 




2.5 




. ''. ',' 


2.5 




% Additional Error 


INPUT CHARACTERISTICS 


















High Impedance Input (Pin 2) 






;' 


' 










Signal Range 






•,tv, 


'', ' 










Continuous rms Level 


Vs- + 2.8V, -3.2V 




. '«/ ■'■ '' 


',>(* 






200 


mVrms 


Continuous rms Level 


Vs- ± 5V to ± 16.5V 






1 




//' ' '" 


1 


Vrms 


Peak Transient Input 


Vs= + 2.8V, -3.2 V 


±0.<^ 


"»;/j ■'■ 'f' 


," ' 


ifi.^^. 






V 


Peak Transient Input 


Vs= ±5V 




*';±'l7 _ 






±2.7 




V 


Peak Transient Input 


Vs= ± 16.5V 


±4.0 


}pH:K, 


, 


±4.0 






V 


Input Resistance 










10'2 




a 


Input Bias Current 


Vs= ±3V to ±' 16.5V 




,:a\ 


25 




1 


25 


pA 


Low Impedance Input (Pin 1 ) 






V,, ',* • 


"', 


'. ' 








Signal Range 






.'/i'/v. 












Continuous rms Level 


Vs= + 2.8V, -3.2V 






,300 






300 


mVrms 


Continuous rms Level 


Vs= ± 5V to ± 16.5V 




.f''"^', '/)','' 


1 






1 


Vrms 


Peak Transient Input 


Vs- + 2.8 V, -3.2V 




H.±lf7 J 






±1.7 




V 


Peak Transient Input 


Vs= ±5V 




%^8 






±3.8 




V 


Peak Transient Input 


Vs= ± 16.5V 




±11 






±11 




V 


Input Resistance 




6.4 


8 


9.6 


6.4 


8 


9.6 


ka 


Maximum Continuous Non- 


















Destructive Input 


All Supply Voltages 






±12 






±12 


Vp-p 


Input Offset Voltage'* 


ac Coupled 
















J&K Grades 








±3 






±3 


mV 


A&B Grades 








±3 






±3 


mV 


vs. Temperature 






8 


30 




8 


30 


jjlV/°C 


vs. Supply 


Vs- ±5Vto± 16.5V 




50 


150 




50 


150 


fxV/V 


vs. Supply 


Vs= ±5Vto±3V 




80 






80 




ftV/V 


OUTPUT CHARACTERISTICS 


















Output Offset Voltage 


















J&K Grades 






±0.1 


±0.5 




±0.1 


±0.3 


mV 


A&B Grades 








±0.5 






±0.3 


mV 


vs. Temperature 






1 


20 




1 


20 


M.V/°C 


vs. Supply 


Vs= ±5Vto± 16.5V 
Vs- ±5Vto±3V 




50 
50 


130 




50 
50 


130 


,xV/V 


Output Voltage Swing 


















2kaLoad 


Vs- + 2.8V, -3.2V 


Oto + 1.6 


+ 1.7 




Oto + 1.6 


+ 1.7 




V 


2knLoad 


Vs- ±5V 


to +3.6 


+ 3.8 




to +3.6 


+ 3.8 




V 


2knLoad 


Vs- ± 16.5V 


Oto+4 


+ 5 




Oto +4 


+ 5 




V 


No Load 


Vs= ± 16.5V 


Oto-l-4 


+ 12 




Oto +4 


+ 12 




V 


Output Current 




2 






2 






mA 


Short-Circuit Current 






3 






3 




mA 


Output Resistance 


Cw dc 




0.2 






0.2 




a 
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Model 




AD736J/A 


AD736K/B 






Conditions 


Min Typ Max 


Min Typ Max 


Units 


FREQUENCY RESPONSE 










High Impedance Input (Pin 2) 










For 1% Additional Error 


Sine- Wave Input 








Vim - ImVrms 




1 


1 


kHz 


ViN = lOmV rms 




6 


6 


kHz 


ViN = lOOmVrms 




37 


37 


kHz 


ViN=--200mVrms 




33 


33 


kHz 


+ 3dB Bandwidth 


Sine- Wave Input 








ViN = ImVrms 




5 


5 


kHz 


Vim = lOmV rms 




55 


55 


kHz 


ViN = lOOmVrms 




170 


170 


kHz 


ViN = 200mVrms 




190 


190 


kHz 


FREQUENCY RESPONSE 










Low Impedance Input (Pin 1) 










For 1% Additional Error 


Sine-Wave Input 








Vim = ImVrms 




1 


1 


kHz 


ViN = lOmVrms 




6 


6 


kHz 


ViN = lOOmVrms 




90 


90 


kHz 


ViN = 200mVrms 




90 


90 


kHz 


± 3dB Bandwidth 


Sine-Wave Input 








ViN = ImVrms 




5 -,|,./,. 


5 


kHz 


ViN = lOmVrms 




55 , , ' './ 


55 


kHz 


ViN = lOOmVrms 




350 /, /f 


350 


kHz , 


ViN = 200mV rms 




460 


460 


kHz 


POWER SUPPLY 










Operating Voltage Range 




+ 2X-3.I ±5 , ^3tl'^,5 


+ 2 8,-3 2 ±5 ±16.5 


Volts 


Quiescent Current 


Zero Signal 


\,, 160 , 200 '"' 


160 200 


fxA 


200mVrms,NoLoad 


Sine-Wave Input 


230 '' ' 1% 


230 270 


f^A 


TEMPERATURE RANGE 










Operating, Rated Performance 




• ''' 






Commercial (0 to +70°C) 




AD736I 


AD736K 




Industrial ( - 40°C to + 85°C) 




',/„"' ' AD73eA 


AD736B 




PACKAGE OPTIONS^ 










8-Pin Plastic Mini-DIP(N-8) 




A0736JN 


AD736KN 




8-Pm Plastic SO (R-8) 




AD736JR 


AD736KR 




8-Pin Cerdip(Q-8) 




AD736AQ 


AD736BQ 





NOTES 

'Accuracy is specified with the AD736 connected as shown in Figure 1. 

^Nonlinearity is defined as the maximum deviation (m percent error) from a straight line connecting 
the readings at and 200mV rms. Output offset voltage is adjusted to zero. 

^Error vs. Crest Factor is specified as additional error for a 200mV rms signal. C.F. = Vpear/V rms. 
'*DC offset does not limit ac resolution. 
'See Section 16 for package outline information. 

Specifications are subject to change without notice. 

Specifications shown m boldface are tested on all production units at final electrical test. 

Results from those tests are used to calculate outgoing quality levels. 



ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage ± 16.5V 

Internal Power Dissipation 200mW 

Input Voltage ±Vs 

Output Short-Circuit Duration Indefinite 

Differential Input Voltage + Vs and - Vs 

Storage Temperature Range Q — 65°C to+ 150°C 

Storage Temperature Range N, R — 65°C to+ 125°C 



Operating Temperature Range 

AD736J/K to +70°C 

AD736A/B -40°C to +85°C 

Lead Temperature Range (Soldering 60sec) + 300°C 

NOTE 

'Stresses above those listed under "Absolute Maximum Ratings" may cause per- 
manent damage to the device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Applications Circuits 




POSITIVE SUPPLY - 

COMMON - 

NEGATIVE SUPPLY- 



-p. OVF V 




POSITIVE SUPPLY - 

COMMON - 

NEGATIVE SUPPLY - 



-x: 



— 1 fc- _Vs 



Figure 7. True rms Connection 



Figure 2. Average Responding Connection 



OPTIONAL 
^ AC COUPLING 



O—.^ CAPACITOR 
^L OlfJiF 




Figure 3. Connection to HI Z Input Attenuator 






Cc 

mi 

V,M ^"^ 



__J 3 _l 



-Vs 




FULL 
WAVE 
RECTIFIER 



"^ 




3- 



3- 



133:^: 



-\^. 



Cf ' ' (OPTIONAL^ 
lOjiF 



Figure 4. Connection for Battery Powered Operation. 
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ANALOG 
DEVICES 



Low-Cost, Low-Power 
True rms-to-dc Converter 




FEATURES 
COMPUTES 

True rms Value 

Average Rectified Value 

Absolute Value 

PROVIDES 
200mV Full-Scale Input Range 
Direct Interfacing with 3 1/2 Digit 

CIVIOS A/D Converters 
Power Down Feature which Reduces Supply Current 
High Input Impedance: 10''^ ohms 
Low Input Bias Current: 25pA max 
High Accuracy: ±0.2mV ±0.3% of Reading 
RMS Conversion with Signal Crest Factors Up to 5 
Wide Power Supply Range: +2.8V, 

-3.2V to ± 16.5V 
Low Power: 160^,A max Supply Current 
No External Trims Needed for Specified Accuracy 
AD736 - A General Purpose, Buffered Voltage 

Output Version is also Available 



AD737 FUNCTIONAL BLOCK DIAGRAM 






^AAT_ 



POWER 
DOWN 



E 
E 



'\y- 



AD737 




INPUT 
AMPLIFIER 



FULL 

WAVE 

RECTIFIER 



BIAS 
SECTION 



-v 



3^ 



RMS CORE 
i 4 



i^ 



3' 
3' 



PRODUCT DESCRIPTION ;4 ^ 

The AD737 is a low-power, precision, monoUthi^ true lari^-to-dQafc » -.,!,■,, ,- 



ReqT#|ng |^ly' 160|xA of power supply current, the AD737 is 
cfetirtiizlA for use in portable multimeters and other battery 
',; #^etf^d ap^hc£tt|^ons. This converter also provides a power 
^'■■''^^(^iaiiih*' feati^, w&|cJ| reduces the power supply standby current 

%■ 'to \e^p-'th2iwMpk. "' 

'^h|||S!|Q,^l7 allows the choice of two signal input terminals: a 

converter. It is laser trimmed to provide, a teuidhitor error ofy;,), %/^^a ,,, 

less than ±0.2mV ±0.3% of reading^itH si^^ve \x^,A: \ ^^^ ^^^^^^^ attenuators and a low impedance (SkH) input 

Furthermore, it maintains high a&cfcc^wliile measiiring ^ ifide' ^^f all»%e measurement of 300mV input levels while 

range of input waveforms, includi^ variable di# web ^^Ises fC^'S'?.^'!!.?!^!^"!!!!!^ ■^^•^^' 

and triac (phase) controlled sine waves. Theiow cost and sma4t;'fe " * *" 

physical size of this converter make it suitabfefor upgradin||.,th4(;;; 

performance of non-rms "precision rectifiers" in many appli^i|#^ 

tions. Compared to these circuits, the AD737 offers higher 

accuracy at equal or lower cost. 

The AD737 can compute the rms value of both ac and dc input 
voltages. It can also be operated ac coupled by adding one external 
capacitor. In this mode, the AD737 can resolve input signal 
levels of 100|xV rms or less, despite variations in temperature or 
supply voltage. High acccuracy is also maintained for input 
waveforms with crest factors of 1 to 3. In addition, crest factors 
as high as 5 can be measured (while introducing only 2.5% 
additional error) at the 200m V full-scale input level. 

The AD737 has no output buffer amplifier, thereby significantly 
reducing dc offset errors occurring at the output. This allows 
the device to be highly compatible with high input impedance 
A/D converters. 



**§;^.2^! The two inputs may be used either singly or 
l^ifterentially. 

The AD737 achieves a 1% of reading error bandwidth exceeding 
lOkHz for input amplitudes from 20mV rms to 200mV rms 
while consuming only 0.72mW. 

The AD737 is available in four performance grades. The AD737J 
and AD737K grades are rated over the commercial temperature 
range of to +70°C. The AD737A and AD737B grades are 
rated over the industrial temperature range of -40°C to +85°C. 

The AD737 is available in three low-cost, 8-pin packages: plastic 
mini-DIP, plastic SO and hermetic cerdip. 

PRODUCT HIGHLIGHTS 

1. The AD737 is capable of computing the average rectified 
value, absolute value or true rms value of various input 
signals. 

2. Only one external component, an averaging capacitor, is 
required for the AD737 to perform true rms measurement. 

3. The low power consumption of 0.72mW makes the AD737 
suitable for many battery powered applications. 
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SPECIFICATIONS 



+ 2^% ± 5V supplies, ac coupled with 1kHz sine-wave input applied unless otheiwise noted.) 



Model 






AD737J/A 






AD737K/B 








Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 






VoUT- 






VoUT - - 








TRANSFER FUNCTION 


-VAvg.(ViN') 


VAvg.(ViN') 




CONVERSION ACCURACY 


IkHz Sine Wave 
















Total Error, Internal Trim' 


AC Coupled 
















All Grades 


0-200mVrms 




0.2/0.3 


0.4/0.5 




0.2/0.2 


0.2/0.3 


±mV/±% of Reading 




200mV-lVrms 




-1.2 


2.0 




-1.2 


2.0 


±% of Reading 


Tnun-Tmax 


















A&B Grades 


^200mVrms 






0.5/0.7 






0.3/0.5 


±mV/±% of Reading 


J&K Grades 


(?t'200myrms 




0.007 






0.007 




±%ofReading/°C 


vs. Supply Voltage 


















@200mVrms Input 


Vs-±5Vto± 16.5V 





+ 0.06 


+ 0.1 





+ 0.06 


+ 0.1 


%/V 


(o^ 200mV rms Input 


Vs=±5Vto±3V 





-0.18 


-0.3 





-0.18 


-0.3 


%/V 


dc Reversal Error, dc Coupled 


(?i^600mVdc 




1.3 


2.5 




1.3 


2.5 


% of Reading 


Nonlinearity^ 0-200mV 


^iMOOmVrms 





+ 0.25 


+ 0.35 





+ 0.25 


+ 0.35 


% of Reading 


Total Error, External Trim 


0-200mVrms 




0.1/0.2 






0.1/0.2 




±mV/±% of Reading 


ERROR vs. CREST FACTOR' 


















Crest Factor 1 to 3 


Cav,Cf=100|xF 




0.7 






0.7 




% Additional Error 


Crest Factor- 5 


Cav,Cf=100|xF 




2.5 






2.5 




% Additional Error 


INPUT CHARACTERISTICS 


















High Impedance Input (Pin 2) 










.-.'>A,, 








Signal Range 










.:/% '' 


''_ 






Continuous rms Level 


Vs= + 2.8V, -3.2 V 






200 


"\l^-s 




200 


mVrms 


Continuous rms Level 


Vs= ±5V to ± 16.5V 






1 ,. ' . 


',;;,.', ••!•;•• 




1 


Vrms 


Peak Transient Input 


Vs= + 2.8V, -3.2 V 


±0.9 


, '!/'': 




"'■^^'^ .,■ 






V 


Peak Transient Input 


Vs= ±5V 




±2:7 ;;; 






±2.7 




V 


Peak Transient Input 


Vs= ± 16.5V 


±4.0 


fi'k^^ ■,.:, •;.:i: 




Ao.„ ' 






V 


Input Resistance 




'('':; 


*. -im %. ■ 




C, /'"' 


■•1 ■' io>2 




n 


Input Bias Current 


Vs= ± 3V to ± 16.5V 


'%"'{ 


':!4. '^■'' ' 


?5 ■. 




1 


25 


pA 


Low Impedance Input (Pin 1) 




'':'■■'. ''%. 












Signal Range 




. 'h; '*:■''"' 


..', '3*^" 












Continuous rms Level 


Vs= 4 2.8V, -^ 3.2V" 


,.' "•""'" 


«* "K. ''n 


300 


'.!,'''--■ 




300 


mVrms 


Continuous rms Level 


Vs =,d;5V to Jt 16.5V,," 


' "" / ''' ' 


:f,i;r^^- '^ii; ''/ 


1 , 






1 


Vrms 


Peak Transient Input 


Vs=^2JV;.r.3.5V 


,r^^ Ik ' 


,,.%L7 ,^ 






±1.7 




V 


Peak Transient Input 


Vs="*5V 


&*,.^ % 


y' ±3.8 fti. 






±3.8 




V 


Peak Transient Input 


Vs= ± 16.5V ,.■';;.;, 


'€.i:^''" 


.,^m % 






±11 




V 


Input Resistance 




#;l 


'^i^ ">! '; 


9.6 


6.4 


8 


9.6 


kn 


Maximum Continuous Non- • 


















Destructive Input 


All Supply Voltages 






±12 






±12 


Vp-p 


Input Offset Voltage^ 


ac Coupled 
















J&K Grades 








±3 






±3 


mV 


A&B Grades 








±3 






±3 


mV 


vs. Temperature 






8 


30 




8 


30 


fJLV/°C 


vs. Supply 


Vs= ± 5V to ± 16.5V 




50 


150 




50 


150 


|jlV/V 


vs. Supply 


Vs= ±5Vto±3V 




80 






80 




\xNN 


OUTPUT CHARACTERISTICS 


















Output Voltage Swing 


















No Load 


Vs= +2.8V, -3.2V 


Oto-1.6 


-1.7 




Oto-1.6 


-1.7 




V 


No Load 


Vs= ±5V 


Oto-3.3 


-3.4 




Oto-3.3 


-3.4 




V 


No Load 


Vs= ± 16.5V 


Oto-4 


-5 




Oto-4 


-5 




V 


Output Resistance 


(a-dc 


6.4 


8 


9.6 


6.4 


8 


9.6 


ka 


FREQUENCY RESPONSE 


















High Impedance Input (Pin 2) 


















For 1% Additional Error 


Sine-Wave Input 
















ViN = ImVrms 






1 






1 




kHz 


ViN = lOmVrms 






6 






6 




kHz 


ViN =- lOOmVrms 






37 






37 




kHz 


ViN = 200mVrms 






33 






33 




kHz 


± 3dB Bandwidth 


Sine- Wave Input 
















VjN = ImVrms 






5 






5 




kHz 


ViN = lOmVrms 






55 






55 




kHz 


ViN= lOOmVrms 






170 






170 




kHz 


ViN = 200mVrms 






190 






190 




kHz 
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Model 




AD737J/A 


AD737K/B 








Conditions 


Min Typ Max 


Min 


Typ 


Max 


Units 


FREQUENCY RESPONSE 














Low Impedance Input (Pin 1 ) 














For 1% Additional Error 


Sine-Wave Input 












ViN = ImVrms 




1 




1 




kHz 


ViN = lOmVrms 




6 




6 




kHz 


ViN = lOOmVrms 




90 




90 




kHz 


^ViN = 200mVrms 




90 




90 




kHz 


±3dB Bandwidth 


Sine-Wave Input 












ViN = ImVrms 




5 




5 




kHz 


ViN = lOmVrms 




55 




55 




kHz 


ViN = lOOmVrms 




350 




350 




kHz 


ViN = 200mV rms 




460 




460 




kHz 


POWER SUPPLY 














Operating Voltage Range 




+ 2.8,-3.2 ±5 ±16.5 


+ 2.8,-3.2 


±5 


±16.5 


V 


Quiescent Current 


Zero Signal 


120 160 




120 


160 


KlA 


ViN = 200mV rms, No Load 


Sine- Wave Input 


170 210 




170 


210 


f^A 


Power Down Mode Current 


Pin 3 tied to + Vs 


25 40 




25 


40 


J.A 


TEMPERATURE RANGE 














Operating, Rated Performance 






1 








Commercial (0 to + 70°C) 




AD737J 


„„ ^^:k:k 


AD737K 






Industrial ( - 40°C to + 85°C) 




AD7B7A ^f'l, 1,, 


AD737B 




















PACKAGE OPTIONS^ 




,;';■'., ''' 










8-Pm Plastic Mini-DIP (N-8) 




AunffM t> ."• 'b* 




AD737KN 






8-Pin Plastic SO (R-8) 




„,/i0Hi% -'.'^ 


xh, 


AD737KR 






8-PinCerdip(Q-8) 




'^.i.w^^' ^^.. V* 


AD737BQ 




















"il^^, !!,%'■ ."-■ vf'-t^J''' 









NOTES ■■.Lf,,^ ^-i^ii-k %■ ,,, . 

' Accuracy is specified with the AD737 connected as shown m Figure 1 . '■'■'■*, '5* 'Vt' -r-^ '■} ; 

^Nonlinearity is defined as the maximum deviation (m perceiiterrar) from i^||jr^'ight \\n^^jm^iii^- 
the readings at and 200mV rms _ ' ,,,• /,if^'' 'I.:;;, %'''%'■'' 

^Error vs. Crest Factor is specified as additional error'fc^'a 20@my jtxn's signal. Q«|F. ^^ip/jgFA^/V mis. 
■^DC offset does not limit ac resolution. ,,-;^: !■,"','■';';'' ■•"' rf0'!0'' ''^ii^'" '% ''"'' , ; 

^See Section 16 for package outline mformaillpn,,;,' - ' ^_,^,^, ;|;,^ ,„.a '%, ' ' '"' 

Specifications are subject to change without niftbce. _^ , ''.',;.'<*' '%f#l'^' 'fc*''!-". 

Specifications shown in boldface are tested on all producti6»'Unit&at Gj|9l electrical||B||, '■', , ,y ":■ . 

R<»cii1tc frnm thr\cf» fpcfc ar*»iic<>H trx-alnilaff niitoTHnaniialina'tevpliB"' ' ''*/''■ *''',' 



ABSOLUTE MAXIMUM RATINGS^ 

Supply Voltage ± 16.5V 

Internal Power Dissipation 200mW 

Input Voltage ± Vs 

Output Short-Circuit Duration Indefinite 

Differential Input Voltage + Vs and - Vs 

Storage Temperature Range Q — 65°C to+ 150°C 

Storage Temperature Range N, R — 65°C to + 125°C 

Operating Temperature Range 

AD737J/K to +70°C 

AD737A/B -40°C to +85°C 

Lead Temperature Range (Soldering 60sec) + 300°C 

NOTE 

'Stresses above those listed under "Absolute Maximum Ratings" may cause per- 
manent damage to the device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Applications Circuits 




337f rOPTIONAL) 



POSITIVE SUPPLY - 

COMMON - 

NEGATIVE SUPPLY - 



ijlOI^F^ 



Figure 1. AD737 True rms Circuit 



I ^«= I 

' ' (rtDTiriMA 



»-lT. 




-Vs 



FULL 
WAVE 
RECTIFIER 



-V 




CO 



33|jiF 

(optional) 



output 

13 



positive supply _ 

common - 

negative supply- 






0VF\7 



Cc 
lOfiF 



,.Fi^g^pliii^B737 Average Responding Circuit 




»* R1 +RcalINOHMS = 10,000il x- 



OdB INPUT LEVEL IN VOLTS 



•Q1,Q2PART0F 

RCACA3046 

OR SIMILAR NPN 

TRANSISTOR 

ARRAY 



Figure 3. dB Output Connection 



A/D 
CONVERTER 




Figure 4. 3 1/2 Digit DVM Circuit 



&-32 RMS-TO-DC CONVERTERS 



Special Function Components 

Contents 



Page 

Orientation 9-3 

AD345 - High Speed Pin Driver with Inhibit Mode • 9-5 

AD630 - Balanced Modulator/Demodulator 9-9 

AD639 - Universal Trigonometric Function Converter 9-17 

AD890 - Precision Wideband Channel Processing Element 9-29 

AD891 - Rigid Disk Data Channel Qualifier 9-35 

AD9500 - Digitally Programmable Delay Generator 9-41 



SPECIAL FUNCTION COMPONENTS 9-1 



9-2 SPECIAL FUNCTION COMPONENTS 



Orientation 

Special Function Components 



This section contains technical data on integrated-circuit chips 
that could not be classified in any of the major sections of this 
databook without losing their identities. For example, the AD639 
trigonometric function generator is a close relative of analog 
multiplier/dividers, in both function and circuitry; but if it were 
listed in that section, its unique trigonometric capabilities would 
be "buried". 

We describe briefly here the function and salient uses of these 
devices. For further information, consult the individual data 
sheets. 

ANALOG FUNCTIONS 

AD630 Balanced Modulator/Demodulator 

The AD630 is a fast, flexible, switched dual-input op amp with 
an on-chip comparator. Intended for wideband, low-level, and 
wide-dynamic-range instrumentation applications and coherent 
systems, it is capable of such analog signal-processing functions 
as balanced modulator, balanced demodulator, absolute-value 
amplifier, phase detector, square-wave multiplier and two-channel 
precision multiplexer. It can be used as a lock-in amplifier, 
synchronous detector, rectifier, dual-mode circuit, and much 
more. Essentially a complete device with on-chip scaling resistors," 
it can be used for these functions with little or no additional 
circuitry. 




As a lock-in amplifier, it can recover a 0. 1-Hz sine wave, transmitted 
as a modulation on a 400-Hz carrier, from a band-limited, clipped 
white-noise signal approximately 100,000 times larger - a dynamic 
range greater than lOOdB. 

It consists of a frequency-compensated op-amp-output stage, 
with two identical switched differential front ends (A and B), a 
differential comparator that controls the switching and a set of 
jumper-programmable matched precision resistors - trimmed to 
produce closed-loop gain accuracies to ±0.015% and gain match 
(between channels) to ±0.03%. When the net input to the 
comparator is positive, front-end A will be selected; when the 
comparator input is negative, front-end B is selected. A status 
output indicates the state of the comparator. 

AD639 Universal Trigonometric Function Generator 

The AD639 is an analog "trigonometric microsystem" on a 
single silicon chip, packaged in a 16-pin DIP. From a differential 
input voltage, representing an angle (20mV/°), it can be pin 
programmed to generate a voltage output, accurately determined 
by any of the standard functions - sine, cosine, tangent, secant, 



cosecant and cotangent - as well as some lesser known variants, 
such as the versine and exsecant, plus a corresponding set of 
inverse functions. All inputs are differential, and either polarity 
of input or output can be generated. 




Trigonometric functions play an important role in electronics. 
Inherent to many communications, measurement and display 
systems, they also find increasing application in control and 
robotics. Most familiar are the sine and the cosine, which find 
wide use as fundamental signal sources - both separately and in 
orthogonal pairs. In display systems, these functions are basic to 
graphical manipulations (axis rotation and polar-to-Cartesian 
conversion), and they also appear in many antenna-related signal 
transformations. The tangent is important in scanning systems, 
and the arctangent is used in Cartesian-to-polar conversion and 
in determining phase angle from the real and imaginary compo- 
nents of a complex signal. 

With its large repertoire of functions, the AD639 makes it possible 
to include trigonometric transformations in the analog portion of 
a system with little added cost or board space, and with high 
accuracy, without the overhead in software, memory or time, 
which would accompany such computations in an associated 
digital system. It also makes it easy to generate low-distortion 
sine- wave signals, with voltage control of amplitude and frequency, 
up to lOV and IMHz, respectively. 

DIGITAL FUNCTIONS 

AD345 Pin Driver for Automatic Test Equipment 

The AD345 is a complete high-speed pin driver designed for 
use in digital functional test equipment and general purpose 
instrumentation. It accepts digital, analog and timing information 
from system sources and translates them directly to digital output 
levels to be applied to the input of a device to be tested (DUT). 
By teaming up the economy of surface-mount technology and 
the accuracy of thick-film laser trimming, the AD345 attains 
superb electrical performance while preserving optimum packaging 
densities in a convenient lO-pin SIP package. 

Its output is switched by digital control inputs, and its amplitude 
is derived from analog sources; its output high level can be set 
by an analog voltage at any value from — 2V to + 8V, and its 
low level can be set from - 3V to + 6V; this flexibility makes it 
compatible with ECL, TTL and CMOS logic levels and timing. 
It can drive level changes at up to lOOMHz, with slewing rates 
better than IV/ns; its dynamic output impedance is laser trimmed 
for waveform integrity and guaranteed performance with 50-ohm 
transmission lines. Output impedance is 50 ohms, matching it 
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to coaxial cable used for interconnecting the pin driver and the 
device's input terminal, in order to minimize error-causing 
reflections. 

Who should use the AD345? Anyone who manufactures or 
designs equipment for automatic test of semiconductor devices 
or boards, or for instrumentation and characterization. It can 
also function as a high-performance, low-cost general purpose 
digital driver. 

AD890 and AD891 Hard-Disk Bit-Recovery ICs 

The AD890 Precision Wideband Channel-Processing Element 
and the AD891 Rigid-Disk Data-Channel Qualifier are a pair of 
monolithic integrated circuits that together are the key to a 
complete signal-processing subsystem capable of error-free high 
performance in demanding disk-drive applications. They take 
data directly from the disk-head preamplifier, condition and 
qualify it and produce recovered precisely timed data bits at 
rates in excess of 50 megabits per second (guaranteed). Such 
rates are essential for making efficient use of high-capacity, 
high-performance disk drives. This chip pair replaces slower, 
lower-performing discrete-circuit "kludges," and no external 
trims are needed. 

As the diagram below shows, the AD890 ampHfies the signal to 
a normalized level, using stable variable-gain amplification with 
automatic gain control (AGC); and the AD891 estabUshes whether 
a pulse exists, using differentiation to find peaks, then produces 
data-output pulses of precise width. Since the actual timing 
requirements - of both the filter time constants and the differ- 
entiator characteristics - are a function of the user's system, the 
filter functions (using only passive elements) remain off-chip 
under full control of the user. In addition to the functions shown, 
the AGC can be turned off digitally when necessary; and input 
clamping can be switched in during write so as to avoid input 
overloads. 

Although these circuits were developed for use in disk-drive 
applications, it should be apparent that their applicability may 
be considered wherever high-speed pulses have been degraded 



by attenuation and noise - and must be amplified, qualified and 
reconstituted. Separately, the AD890 is an excellent AGC amphfier 
for radio-frequency signals. 

AD9500 Digitally Programmable Delay Generator 

The AD9500 delays events by an interval selected by an 8-bit 
digital code, with settable time resolution as small as 10 
picoseconds. The delay is initiated at the time a Trigger input 
goes high: an integrator generates a downgoing ramp, and when 
it crosses a preset level (established by an 8-bit DAC), a comparator 
output changes state to produce the delayed output, Q. 

The delay is equal to the programmed delay - which depends 
on the integrator's selectable RC time constant and the precision 
threshold set by the DAC - plus a propagation delay of 5.4ns 
minimum. A pulse of appropriate width applied at the Reset 
input resets the integrator and the Q output to prepare the 
device for the next Trigger. The range of full-scale programmed 
delays is from 2.5ns to more than 1 ms, depending on the choice 
of R and C. When RC = 2.5ns, the LSB (or one increment of 
delay) is 2,500 ps/256 « 10 ps, which is also the typical jitter 
level. 




M DELAY (FULL SCALE) 

- MINIMUM PROPAGATION DELAY 

- PROGRAM DELAY 

- LINEAR RAMP SETTLING TIME 

- RESET PROPAGATION DELAY 



AD9500 Internal Timing Diagram 

The differential Trigger and Reset inputs are designed primarily 
for single-ended or differential ECL, but they function with 
analog and TTL input levels. The Q, Q output is a complementary 
ECL stage, with a parallel Qr output circuit to facilitate reset 
timing implementations. 

An important application is in equalizing skew in multichannel 
systems; with one line used as the standard, the programmed 
delays of the other AD9500s are adjusted to eliminate the timing 
skews. Other applications include multiple-phase clock generators, 
measuring unknown delays and time response of high-speed ac 
waveforms, and digitally programmable oscillators. 
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ANALOG 
DEVICES 



High-Speed Pin Driver 
with Inhibit Mode 



AD345 



FEATURES 

100MHz Driver Operation 
Driver inhibit (Tristate) Function 
Guaranteed industry Specifications 

5011 Output impedance 

IV/ns Siew Rate 

Variable Output Voltages for ECL, TTL and CMOS 
High-Speed Differential inputs for Maximum Rexibiiity 
Small SIP Paclcage 
Low Cost 

APPUCATIONS 
Automatic Test Equipment 

Semiconductor Test Systems 

Board Test Systems 
Instrumentation & Characterization Equipment 
General Purpose Driver 

PRODUCT DESCRIPTION 

The AD345 is a complete high-speed pin driver designed for 
use in digital test systems. By combining surface mount technology 
and thick-film laser trimmed technology, this product attains 
superb electrical performance while preserving optimum packaging 
densities in a convenient 10-pin SIP package. 

Featuring unity gain programmable output levels of — 3 to +8 
volts with output amplitude capability of 700mV to 1 IV, the 
AD34S is designed to stimulate ECL, TTL and CMOS logic 
families. The lOOMHz (5ns pulse width) data rate capacity, IV/ 
ns controlled slew rate, and 50(1 output impedance allows for 
real-time stimulation of these digital logic families. To test I/O 
devices the pin driver can be switched into a high impedance 
state (inhibit or tristate) by using the inhibit mode. The pin 
driver leakage in tristate is typically 50nA and output charge 
transfer going into tristate is guaranteed at 200pC maximum. 

The AD34S transition from hi/low or to tristate is effected through 
the data and inhibit inputs. The input circuitry is implemented 
utilizing high-speed differential inputs with a conmion-mode 
range of 8 volts. This allows for direct interface to the precision 
of differential ECL timing or the simplicity of stimulating the 
pin driver from a single ended TTL or CMOS logic source. The 
analog inputs V high or V low are equally easy to interface. 
Requiring typically SOO|jlA of bias current, the AD345 can be 
directly coupled to the output of a DAC either singularly or in 
parallel with several other pin drivers. 

The AD34S utilizes surface mount technology creating a small 
single in-line package which can be mounted upright or laying 
down (leads bent 90°) depending on the specific application. 
The SIP packaging enables the user to create a tight radial test 
head design or a custom high-speed dedicated probe card with 
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the drivers placed in close proximity to the device under test 
guaranteeing optimum signal integrity. A metal tab is mounted 
on the back side allowing for heatsinking or mechanical support. 
The AD345 is available for operation over the to +70°C 
range. 

PRODUCT HIGHLIGHTS 

1. The AD345 is a complete lOOMHz pin driver designed to 
meet the requirements of ATE manufacturers. 

2. Output high voltage level is adjustable from --2V to +8V 
and output low levels firom - 3 to +6V allowing compatibility 
with ECL, TTL, CMOS logic levels. 

3. Certified large signal slew rates of better than IV/ns with 
dynamic output impedance laser trimmed for waveform 
integrity and guaranteed performance with SOU transmission 
lines. 

4. TRISTATE (inhibit) capability for testing I/O devices. 

5. INHIBIT leakage current of 50nA typical virtually eliminates 
the requirement for a disconnect relay in a semiconductor 
test system. 

6. Repeatability from driver-to-driver is guaranteed to meet 
published specifications through pretesting and active laser 
t rimming . 

7. The 10-pin SIP hybrid package with mounting tab provides 
high functional mechanical densities with maximum 
versatility. 
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SPECIFICATIONS 



(All specs @ 25°C in free air, output unloaded, + V = + 1 2V, - V = - 8V, unless otherwise specified) 



Parameter 



DIFFERENTIAL INPUT 
CHARACTERISTICS 
DtoDJNHtoINH 
Voltage Range 
Pulse Amplitude 
Bias Current 



REFERENCE INPUTS 
Vhigh 
Vlow 
Bias Current 



OUTPUT CHARACTERISTICS 
Logic Hi^h Range 
Logic Low Range 
Amplitude 
Initial Offset 
Gain Error 

Output Voltage Temp. Coeff. 
Current Drive 

Static 

Dynamic 
Output Capacitance 
Output Charge Going 

Into Inhibit Mode 
Leakage Current in 

Inhibit Mode 
Protection 

Output (ci GND 

Output^ +V 

Output (?/ -V 



DYNAMIC PERFORMANCE 
Driver Delay Time 
Driver Delay Matching 

Edge to Edge 

Driver to Driver 
Slew Rate 

IV Swing 20% -80% 

4V Swing 10% -90% 

Large Signal 
Toggle Rate 
Overshoot and Preshoot 

In Driver Mode 
IV Swing 
>2V Swing 

In Inhibit Mode 
Settling Characteristic 



Inhibit Delay Time 
Inhibit to Active 
Active to Inhibit 

Output Impedance 



POWER SUPPLIES 
- Vs to + Vs Range 
Positive Supply Range 
Negative Supply Range 
Current 

+ PSRRVoH = 8V 
-PSRRVoi.= -3V 



PACKAGE OPTIONS^ 
SIP(Y-IO) 



AD345KY 
Typ 



-Vs+6V 
0.37 ECL 

500 



+ Vs-6V 

3.5 
750 



-2 
-3 



+ 8.3 
+ 6.2 
750 



-2 

-3 

0.7 

-30 

-1.2 



+ 6 
11 
+ 30 

+ 1.2 

1.0 

60 
100 



50 

INDEFINITELY 
1 Minute w/o Damage 
1 Minute w/o Damage 



200 
200 



1.5 



-0.5 
-1.0 



2.0 



1.5 
3.5 
1.25 



fO.5 
f 1.0 



14 

5.5 
47.5 



15 
8 
50 



2.5 
4.0 



200 
120 



16 
10 5 

52.5 



20 
+ 11 

-5 

-70 
-60 



+ 12 
-8 
100 



hl5 
-10 



+ 70 
+ 60 



AD345KY 



Volts 
Volts p-p 



Volts 
Volts 

|xA 



Volts 

Volts 

Volts 

mV 

% of Set Level 

mV/°C 

mA 
mA 
pF 

pC 

nA 



V/ns 
MHz 



PIN CONFIGURATION 

Component Side View 



See Notes 2 & 3 



See Note 3 
Normalized to 
Figures 1 & 2 




See Notes 4 & 5 



PIN 


SYMBOL 


FUNCTION 


1 


Vt 


VOLTAGE LOGIC LOW 


2 


Vh 


VOLTAGE LOGIC HIGH 


3 


D 


DRIVER INPUT 


4 


D 


DRIVER INPUT 


5 


+ Vs 


POSITIVE SUPPLY 


6 


-Vs 


NEGATIVE SUPPLY 


7 


VoUT 


DRIVER OUTPUT 


8 
9 


GND 
INH 


CIRCUITGROUND 


INHIBIT INPUT 


10 


INH 


INHIBIT INPUT 



ECL Output Level 



mV 

mV 

mV 

% of Steady State 50ns 

after Starting Time of 

Voltage Slew. Steady State is 

Greater Than 1ms after 

Starting Time of Voltage Slew. 



SeeNotes6&7 
SeeNotes6&7 
See Note 8 



Volts 

Volts 

Volts 

mA 

mV 

mV 



+ V=±2.5% 
-V=±2.5% 



NOTES _ 

'The maximum allowable voltage from D to D and from INH to INH is 3 5V 

^The output voltage range is specified for - 3V to + 8V for typical power supply values of - 8V and + 12V but can be 

offset for different values of Vqut such as OV to + 1 IV as long as the required headroom of 4V between Vh and 

+ Vs are maintained and the negative headroom of 5V between Vi and ~ Vs is preserved 
^Dynamically trimmed at 5MHz, 50% duty cycle 
■"Delay times are measured from the crossing of differential ECL outputs at inputs of the device to a 250mV transition 

at output with Vh and Vl set to ± IV respectively 
^Delay times, slew rates, overshoot and undershoot performance specified with a 10k, 2pF probe Oscilloscope bandwidth 

to exceed 300MHz 
^Inhibit mode delay times are measured from the crossing of differential ECL outputs at INH inputs to threshold crossing at the 

pindriver output Vqut 's connected to a lOOilload terminated at +2V dc The Vh 

and Vi, are set to a normalized + 3 5V and + 5 V respectively High delay times are measured 

to a + 1 5V threshold Frequency is set to lOMHz with a 50% duty cycle 
^The inhibit delay time specification allows for device-to-device variations. The stability and (itter of a given device 

IS better than Ins and 200ps respecnvely 

^Dynamically trimmed at the factory for 500 Other impedance values can be obtained on special request 
'See Section 16 for package outline mformation 
Specifications subiect to change without notice 
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ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Range to + 70°C 

Storage Temperature Range -65*'Cto +125°C 

Power Supply Voltage 

+ Vs to GND + 15V 

- Vs to GND - lOV 

Difference from +Vsto -Vs +25V 

Input - Vs to +Vs 

VouT +Vs +0.6Vor -Vs -0.6V 

VouT to Short Circuit 

to GND Indefinitely 

to +V or - Vs 1 Minute 

DETERMINING LOGIC SET LEVELS 

Within a system it is possible to minimize gain error and increase 
the output level accuracy of the AD345 by using the information 
provided by Figures 1 and 2. Figure 1 is a table of desired 
output high levels followed by the recommended input reference 
levels. Figure 2 accomplishes the same for the output low levels. 
Values of output levels not supplied by the tables can simply be 
interpolated from the data suppUed. 

Another potential source of output level error is offset error. 
The value, once determined for a specific device, should be 
algebraically subtracted for the appropriate Vhigh or Vlow set 
value. 



V OUTPUT HIGH 


Vh INPUT LEVEL 


-2.00V 


-2.016 


-1.00V 


-1.009 


+ 1.00V 


+ 1.007 


+ 2.00V 


+ 2.018 


+ 3.00V 


+ 3.028 


+ 4.00V 


+ 4.041 


+ 5.00V 


+ 5.054 


+ 6.00V 


+ 6.070 


+ 7.00V 


+ 7.098 


+ 8.00V 


+ 8.150 



Figure 1. Table of Normalized Vhigh Levels 



V OUTPUT LOW 


Vl INPUT LEVEL 


-3.00V 


-3.012 


-2.00V 


-2.007 


-1.00V 


-1.008 


+ 1.00V 


+ 1.015 


+ 2.00V 


+ 2.023 


+ 3.00V 


+ 3.031 


+ 4.00V 


+ 4.040 


+ 5.00V 


+ 5.050 


+ 6.00V 


+ 6.060 



FUNCTIONAL DESCRIPTION 

The AD345 is a complete high-speed pin driver designed for 
use in general purpose instrumentation and digital functional 
test equipment. The purpose of a pin driver is to accept digital, 
analog and timing information from a system source and interface 
those elements to the input of a digital device to be tested. 

The circuit configuration for the AD345 has been summarized 
in Figure 3. Simply stated a pin driver performs the function of 
a precise, controlled, high-speed level translator with an output 
which can be disabled. The AD345 accepts digital infor mation 
utilizing high-speed comparators on the D, D and INH, INH 
from ECL differential outputs for precise timing at logic cross-over 
and high-noise immunity. The wide input voltage range allows 
for ECL operation between to -5.2V, or +2V to -3.2V and 
+ 5V to OV. Where timing is less critical TTL or CMOSJogic 
levels may be used to toggle the AD345. By biasing the D and 
INH inputs to approximately + 1.3V for TTL and l/2Vcc for 
CMOS, the D and INH inputs can be directly stimulated from 
these single-ended output sources. The output of the pin driver 
will follow the logic state of the D input providing the inhibit 
input is low. When the inhibit level is asserted the output will 
be disconnected and any activity on the input will not be transferred 
to the output. 

Analog information is input to the pin driver through the Vh 
and Vl terminals as a reference voltage. These analog voltages 
are then buffered using unity gain followers. The resulting gain 
error has been characterized in Figures 1 and 2. System timing 
requirements are achieved through a specified 2.0ns, ±500ps 
driver propagation delay, 1.25V/ns slew rate, defined preshoot 
and overshoot, and a dynamically trimmed SOU output 
impedance. 



+ Vs 




7) OUTPUT 



Figure 3. AD345 Block Diagram 



Figure 2. Table of Normalized Vlow Levels 
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LAYOUT CONSIDERATIONS 

While it is generally considered good engineering practice to 
capacitively decouple an active device from the power supplies, 
it is absolutely essential for a high-power, high-speed device 
such as the AD345. The engineer merely has to consider the 
current pulse demanded from the power supply when a dynamic 
current change of - 90mA to + 90mA is required in only a few 
nanoseconds. Therefore, a O.OlfxF high frequency decoupling 
capacitor must be located within 0.25 inches of the + Vs and 
- Vs terminals to a low impedance groxmd. A 10|xF capacitor 
should also be situated between the power supplies and groimd, 
however, the proximity to the device is less critical assuming 
low impedance power supply distribution techniques are em- 
ployed. Circuit performance will be similarly enhanced and 
noise minimized by locating a 0.01 )xF capacitor as close as possible 
to Vhj Vl and connected to ground. Bypass considerations have 
been siunmarized in Figure 4. 

An, equally important consideration is the use of microwave 
stripline techniques on the output of the AD345. Failure to 
preserve the 50n output impedance of the pin driver will result 
in unwanted reflections, ringing and general corruption of the 
output waveshape. Care should therefore be exercised when 
selecting etch widths and routing, wire and cable to the device 
to be tested, and in choosing relays if they are required. 



DC PARAMETRICS - 
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Figure 4. Basic Circuit Decoupling 

The quality of the ECL differential driving source to the data 
inputs of the AD345 is another important consideration. The 
ECL driving outputs should be located close to the D and D 
inputs of the pin driver. Due to the low propagation delay of 
the AD345 excessive overshoot at the D input can be coupled to 
the pin driver output at low pulse amplitudes. In this case, an 
isolation resistor of approximately 620 can be inserted between 
the ECL output and the D input to the pin driver without, any 
degradation in performance. 

APPLICATIONS 

The AD345 has been optimized to function as a pin driver in an 
ATE test system. Shown in Figure 5 is a block diagram illustrating 
the electronics behind a single pin of a high-speed digital functional 
test system with the ability to test I/O pins on logic devices. 
The AD345 pin driver, AD96687 high-speed dual comparator, 
and the AD394 quad 12-bit voltage DAC would comprise the 
pin electronics portion of the test system. Such a system could 
operate at lOOMHz in the data mode or 50MHz in the I/O 
mode, yet fit into a neat trim package. 
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Figure 5. High-Speed Digital Test System Block Diagram 




Figure 7. ±1 Volt Waveform 
Figure 6. Definition of Terms ^j^^ ,^/,/^,y (Output 

Terminated into 50O) 
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EE PARAGRAPH ON LAYOUT CONSIDERATIONS 



Figure 10. AD345 Test Setup 
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ANALjOG 
DEVICES 



Balanced Modulator/Demodulator 




FEATURES 

Recovers Signal from +100dB Noise 

2IVIHz Channel Bandwidth 

45V/|jis Slew Rate 

-120dB Crosstalk @ 1kHz 

Pin Programmable Closed Loop Gains of ±1 and ±2 

0.05% Closed Loop Gain Accuracy and Match 

IOOijlV Channel Offset Voltage (AD630BD) 

350kHz Full Power Bandwidth 

Chips Available 



AD630 FUNCTIONAL BLOCK DIAGRAM 




PRODUCT DESCRIPTION 

The AD630 is a high precision balanced modulator which combines 
a flexible commutating architecture with the accuracy and tem- 
perature stability afforded by laser wafer trimmed thin film 
resistors. Its signal processing applications include balanced 
modulation and demodulation, synchronous detection, phase 
detection, quadrature detection, phase sensitive detection, lock-in 
ampUfication and square wave multiplication. A network of on- 
board appUcations resistors provides precision closed loop gains 
of ± 1 and ±2 with 0.05% accuracy (AD630B). These resistors 
may also be used to accurately configure multiplexer gains of 
+ 1, +2, +3 or +4. Alternatively, external feedback may be 
employed allowing the designer to implement his own high gain 
or complex switched feedback topologies. 

The AD630 may be thought of as a precision op amp with two 
independent differential input stages and a precision comparator 
which is used to select the active front end. The rapid response 
time of this comparator coupled with the high slew rate and fast 
settling of the linear amplifiers minimize switching distortion. 
In addition, the AD630 has extremely low crosstalk between 
channels of - lOOdB @ lOkHz. 

The AD630 is intended for use in precision signal processing 
and instrumentation applications requiring wide dynamic range. 
When used as a synchronous demodulator in a lock-in amplifier 
configuration, it can recover a small signal from lOOdB of inter- 
fering noise (see lock-in amplifier application). Although optimized 
for operation up to IkHz, the circuit is useful at frequencies up 
to several hundred kilohertz. 

Other features of the AD630 include pin programmable frequency 
compensation, optional input bias current compensation resistors, 
common mode and differential offset voltage adjustment, and a 
channel status output which indicates which of the two differential 
inputs is active. 



PRODUCT HIGHLIGHTS 

1. The configuration of the AD630 makes it ideal for signal 
processing applications such as: balanced modulation and 
demodulation, lock-in amplification, phase detection, and 
square wave multiplication. 

2. The application flexibility of the AD630 makes it the best 
choice for many applications requiring precisely fixed gain, 
switched gain, multiplexing, integrating-switching functions, 
and high-speed precision amplification. 

3. The lOOdB dynamic range of the AD630 exceeds that of any 
hybrid or IC balanced modulator/demodulator and is com- 
parable to that of costly signal processing instruments. 

4. The op-amp format of the AD630 ensures easy implementation 
of high gain or complex switched feedback functions. The 
application resistors facilitate the implementation of most 
common applications with no additional parts. 

5. The AD630 can be used as a two channel multiplexer with 
gains of +1, +2, +3 or +4. The channel separation of 
lOOdB @ lOkHz approaches the limit which is achievable 
with an empty IC package. 

6. The AD630 has pin-strappable frequency compensation (no 
external capacitor required) for stable operation at unity gain 
without sacrificing dynamic performance at higher gains. 

7. Laser trimming of comparator and amplifying channel offsets 
eliminates the need for external nulling in most cases. 
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drcuiriUHiiuito 


(@ +25n; and ±Vs = ±15V unless othennnse specified) 








Model 


AD630J/A 


AD630K/B 


AD630S 








Min Typ Max 


Min Typ Max 


Min Typ 


Max 


Units 


GAIN 












Open Loop Gain 


90 110 


100 120 


90 110 




dB 


± 1 , ± 2 Closed Loop Gain Error 


0.1 


0.05 


0.1 




% 


Closed Loop Gain Match 


0.1 


0.05 


0.1 




% 


Closed Loop Gain Drift 


2 


2 


2 




ppm°C 


CHANNEL INPUTS 












ViN Operational Limit ^ 


(-Vs+4V)to( + Vs-lV) 


(_Vs+4V)to( + Vs-lV) 


(-Vs+4V)to( + Vs-lV) 


Volts 


Input Offset Voltage 


500 


100 




500 


J.V 


Input Offset Voltage 












Tm,nt0T^ax 


800 


160 




1000 


jjlV 


Input Bias Current 


100 300 


100 300 


100 


300 


nA 


Input Offset Current 


10 50 


10 50 


10 


50 


nA 


Channel Separation @ lOkHz 


100 


100 


100 




dB 


COMPARATOR 












ViN Operational Limit' 


(-Vs+3V)to( + Vs-1.5V) 


(-Vs+3V)to( + Vs-1.5V) 


(-Vs+3V)to( 


+ VS-1.3V) 


Volts 


Switching Window 


±1.5 


±1.5 




±1.5 


mV 


Switching Window 












TnuntoT^ax' 


±2.0 


±2.0 




±2.5 


mV 


Input Bias Current 


100 300 


100 300 


100 


300 


nA 


Response Time ( - 5mV to + 5mV step) 


200 


200 


200 




ns 


Channel Status 












IsiNK@VoL= -Vs + 0.4V3 


L6 


1.6 


1.6 




mA 


Pull-Up Voltage 


(-VS + 33V) 


(-VS+33V) 




(-VS+33V) 


Volts 


DYNAMIC PERFORMANCE 












Unity Gain Bandwidth 


2 


2 


2 




MHz 


SlewRate^ 


45 


45 


45 




V/fJLS 


Settling Time to 0. 1 % (20V step) 


3 


3 


3 




(XS 


OPERATING CHARACTERISTICS 












Common-Mode Rejection 


85 105 


90 110 


90 110 




dB 


Power Supply Rejection 


90 110 


90 110 


90 110 




dB 


Supply Voltage Range 


±5 ±16.5 


±5 ±16.5 


±5 


±16.5 


Volts 


Supply Current 


4 5 


4 5 


4 


5 


mA 


OUTPUT VOLTAGE, @Rl = 2ka 












Tnun to Tmax 


±10 


±10 


±10 




Volts 


Output Short Circuit Current 


25 


25 


25 




mA 


TEMPERATURE RANGES 












Rated Performance - N Package 


+70 


+70 


N/A 




°C 


D Package 


-25 ■ +85 


-25 +85 


-55 


+ 125 


°C 



NOTES 

'If one terminal of each differential channel or comparator input is kept within these limits the other terminal may be taken to the positive supply. 
^ This parameter guaranteed but not tested. 
^ IsiNK @ Vol = ( - Vs + 1) volt is typically 4mA. 
"•Pin 12 Open. Slew rate with Pins 12 & 13 shorted is typically 35V/(jls. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ± 18V 

Internal Power Dissipation 600mW 

Output Short Circuit to Ground Indefinite 

Storage Temperature, Ceramic Package . . . -65°Cto +150°C 
Storage Temperature, Plastic Package .... -55Xto +125°C 

Lead Temperature, 10 sec. Soldering + 300X 

Max Junction Temperature + 150X 



ORDERING GUIDE 





Package 


Model 


Options* 


AD630JN 


Plastic (N-20) 


AD630KN 


Plastic (N-20) 


AD630AD 


Ceramic (D-20) 


AD630BD 


Ceramic (D-20) 


AD630SD 


Ceramic (D-20) 



*See Section 16 for package outline information. 
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Typical Performance Characteristics 
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Figure 1. Output Voltage vs. 
Frequency 
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Figure 2. Output Voltage vs. 
Resistive Load 
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Figure 3. Output Voltage Swing 
vs. Supply Voltage 
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Figure 4. Common Mode 
Rejection vs. Frequency 
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Figure 6. Gain and Phase vs. 
Frequency 
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Figure 7. Channel-to-Channel Switch- 
Settling Characteristic 



Figure 8. Small Signal Noninverting 
Step Response 



Figure 9. Large Signal Inverting 
Step Response 
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CHIP METALLIZATION AND PIN OUT 

Dimensions shown in inches and (mm). 



Sr Rir ink TT 




CHIP AVAILABILITY 

The AD630 is available in laser trimmed, passivated chip form. 
The figure shows the AD630 metalization pattern, bonding pads 
and dimensions. AD630 chips are available; consult factory for 
details. 

TWO WAYS TO LOOK AT THE AD630 

Figure 10 is a fimctional block diagram of the AD630 which 
also shows the pin connections of the internal fimctions. An 
alternative architectural diagram is shown in Figure 11. In this 
diagram, the individual A and B channel pre-amps, the switch, 
and the integrator-output amplifier are combined in a single op 
amp. This amplifier has two differential input channels, only 
one of which is active at a time. 





Figure 1 1. Architectural Bfocic Diagram 

HOW THE AD630 WORKS 

The basic mode of operation of the AD630 may be more easy to 
recognize as two fixed gain stages which may be inserted into 
the signal path under the control of a sensitive voltage comparator. 
When the circuit is switched between inverting and noninverting 
gain, it provides the basic modulation/demodulation function. 
The AD630 is unique in that it includes laser wafer trimmed 
thin film feedback resistors on the monolithic chip. The config- 
uration shown below yields a gain of ± 2 and can be easily 
changed to ± 1 by shifting Rb from its ground connection to the 
output. 




Figure 10. Functional Block Diagram 



Figure 12. AD630 Symmetric Gain (±2) 
The comparator selects one of the two input stages to complete 
an operational feedback connection around the AD630. The de- 
selected input is off and has negligible effect on the operation. 

When channel B is selected, the resistors Ra and Rp are connected 
for inverting feedback as shown in the inverting gain configuration 
diagram in Figure 13. The amplifier has sufficient loop gain to 
minimize the loading effect of Rb at the virtual ground produced 
by the feedback connection. When the sign of the comparator 
input is reversed, input B will be de-selected and A will be 
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selected. The new equivalent circuit will be the noninverting 
gain configuration shown below. In this case Ra will appear 
across the op-amp input terminals, but since the amplifier drives 
this difference voltage to zero the closed loop gain is unaffected. 

The two closed loop gain magnitudes will be equal when 
Rf/Ra = 1 + Rp/R-Bj which will result from making Ra equal to 
RfRb/(Rf+Rb) the parallel equivalent resistance of Rp and Rb- 

The 5k and the two 10k resistors on the AD630 chip can be 
used to make a gain of two as shown here. By paralleling the 
10k resistors to make Rp equal 5k and omitting Rb the circuit 
can be programmed for a gain of ± 1 (as shown in Figure 19a). 
These and other configurations using the on chip resistors present 
the inverting inputs with a 2.5k source impedance. The more 
complete AD630 diagrams show 2.5k resistors available at the 
noninverting inputs which can be conveniendy used to minimize 
errors resulting from input bias currents. 




Figure 13. Inverting Gain Configuration 



h.lh. 




Figure 14. Noninverting Gain Configuration 

CIRCUIT DESCRIPTION 

The simplified schematic of the AD630 is shown in Figure 15. 
It has been subdivided into three major sections, the comparator, 
the two input stages and the output integrator. The comparator 
consists of a front end made up of Q52 and Q53, a flip-flop load 
formed by Q3 and Q4, and two current steering switching cells 
Q28, Q29 and Q30, Q31. This structure is designed so that a 
differential input voltage greater than 1.5mV in magnitude 




Figure 15. AD630 Simplified Schematic 



applied to the comparator inputs will completely select one of 
the switching cells. The sign of this input voltage determines 
which of the two switching cells is selected. 

The collectors of each switching cell connect to an input trans- 
conductance stage. The selected cell conveys bias currents i22 
and i23 to the input stage it controls causing it to become active. 
The deselected cell blocks the bias to its input stage which, as a 
consequence, remains off. 

The stnicture of the transconductance stages is such that they 
present a high impedance at their input terminals and draw no 
bias current when deselected. The deselected input does not 
interfere with the operation of the selected input insuring maximum 
channel separation. 

Another feature of the input structure is that it enhances the 
slew rate of the circuit. The current output of the active stage 
follows a quasi-hyperbolic-sine relationship to the differential 
input voltage. This means that the greater the input voltage, the 
harder this stage will drive the output integrator, and hence, the 
faster the output signal will move. This feature helps insure 
rapid, symmetric settling when switching between inverting and 
noninverting closed loop configurations. 

The output section of the AD630 includes a current mirror-load 
(Q24 and Q25), an integrator-voltage gain stage (Q32), and a 
complementary output buffer (Q44 and Q74). The outputs of 
both transconductance stages are connected in parallel to the 
current mirror. Since the deselected input stage produces no 
output current and presents a high impedance at its outputs, 
there is no conflict. The current mirror translates the differential 
output current from the active input transconductance ampUfier 
into single ended form for the output integrator. The com- 
plementary output driver then buffers the integrator output to 
produce a low impedance output. 

OTHER GAIN CONFIGURATIONS 

Many applications require switched gains other than the ± 1 
and ± 2 which the self-contained applications resistors provide. 
The AD630 can be readily programmed with 3 external resistors 
over a wide range of positive and negative gain by selecting Rb 
and Rp to give the noninverting gain 1 4- Rp/Rs and subsequently 
Ra to give the desired inverting gain. Note that When the inverting 
magnitude equals the noninverting magnitude, the value of Ra 
is found to be Rb Rf/(Rb + Rp)- That is, Ra should equal the 
parallel combination of Rb and Rp to match positive and negative 
gain. 

The feedback synthesis of the AD630 may also include reactive 
impedance. The gain magnitudes will match at all frequencies if 
the A impedance is made to equal the parallel combination of 
the B and F impedances. Essentially the same considerations 
apply to the AD630 as to conventional op-amp feedback circuits. 
Virtually any function which can be realized with simple non-in- 
verting "L network" feedback can be used with the AD630. A 
common arrangement is shown in Figure 16. The low frequency 
gain of this circuit is 10. The response will have a pole ( - 3dB) 
at a frequency f ^ l/(2'iTl00knC) and a zero (3dB from the high 
frequency asymptote) at about 10 times this frequency. The 2k 
resistor in series with each capacitor mitigates the loading effect 
on circuitry driving this circuit, eliminates stabiUty problems, 
and has a minor effect on the pole-zero locations. 

As a result of the reactive feedback, the high frequency components 
of the switched input signal will be transmitted at unity gain 
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Figure 16. AD630 with External Feedbacl< 
while the low frequency components will be amplified. This 
arrangement is useful in demodulators and lock-in amplifiers. It 
increases the circuit dynamic range when the modulation or 
interference is substantially larger than the desired signal 
amplitude. The output signal will contain the desired signal 
multiplied by the low frequency gain (which may be several 
hundred for large feedback ratios) with the switching signal and 
interference superimposed at unity gain. 
SWITCHED INPUT IMPEDANCE 

The noninverting mode of operation is a high input impedance 
configuration while the inverting mode is a low input impedance 
configuration. This means that the input impedance of the 
circuit undergoes an abrupt change as the gain is switched under 
control of the comparator. If gain is switched when the input 
signal is not zero, as it is in many practical cases, a transient 
will be delivered to the circuitry driving the AD630. In most 
applications, this will require the AD630 circuit to be driven by 
a low impedance source which remains "stiff " at high frequencies. 
Generally this will be a wideband buffer amplifier. 

FREQUENCY COMPENSATION 

The AD630 combines the convenience of internal frequency 
compensation with the flexibility of external compensation by 
means of an optional self-contained compensation capacitor. 

In gain of ± 2 applications the noise gain which must be addressed 
for stabiHty purposes is actually 4. In this circumstance, the 
phase margin of the loop will be on the order of 60° without the 
optional compensation. This condition provides the maximum 
bandwidth and slew-rate for closed-loop gains of |2| and above. 

When the AD630 is used as a multiplexer, or in other configurations 
where one or both inputs are connected for unity gain feedback, 
the phase margin will be reduced to less than 20°. This may be 
acceptable in applications where fast slewing is a first priority, 
but the transient response will not be optimum. For these appli- 
cations, the self-contained compensation capacitor may be added 
by connecting pin 12 to pin 13. This connection reduces the 
closed loop bandwidth somewhat, and improves the phase 
margin. 

For intermediate conditions, such as gain of ± 1 where loop 
attenuation is 2, use of the compensation should be determined 
by whether bandwidth or settling response must be optimized. 
The optional compensation should also be used when the AD630 
is driving capacitive loads or whenever conservative frequency 
compensation is desired. 

OFFSET VOLTAGE NULLING 

The offset voltages of both input stages and the comparator 
have been pre-trimmed so that external trimming will only be 
required in the most demanding appUcations. The offset adjust- 
ment of the two input channels is accomplished by means of a 
differential and common mode scheme. This facilitates fine 



adjustment of system errors in switched gain applications. With 
system input tied to OV, and a switching or carrier waveform 
applied to the comparator, a low level square wave will appear 
at the output. The differential offset adjustment pot can be used 
to null the ampUtude of this square wave (pins 3 and 4). The 
common mode offset adjustment can be used to zero the residual 
dc output voltage (pins 5 and 6). These functions should be 
implemented using 10k trim pots with wipers connected directly 
to pin 8 as shown in Figures 19a and 1 9b. 

CHANNEL STATUS OUTPUT 

The channel status output, pin 7, is an open collector output 
referenced to - Vs which can be used to indicate which of the 
two input channels is active. The output will be active (pulled 
low) when channel A is selected. This output can also be used 
to supply positive feedback around the comparator. This produces 
hysteresis which serves to increase noise immunity. Figure 17 
shows an example of how hysteresis may be implemented. Note 
that the feedback signal is applied to the inverting ( - ) terminal 
of the comparator to achieve positive feedback. This is because 
the open collector channel status output inverts the output sense 
of the internal comparator. 




Figure 17. Comparator Hysteresis 

The channel status output may be interfaced with TTL inputs 
as shown in Figure 18. This circuit provides appropriate level 
shifting from the open-collector AD630 channel status output to 
TTL inputs. 
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Figure 18. Channel Status - TTL Interface 

APPLICATIONS: 
BALANCED MODULATOR 

Perhaps the most commonly used configuration of the AD630 is 
the balanced modulator. The application resistors provide precise 
symmetric gains of ± 1 and ±2. The ± 1 arrangement is shown 
in Figure 19a and the ± 2 arrangement is shown in Figure 19b. 
These cases differ only in the connection of the 10k feedback 
resistor (pin 14) and the compensation capacitor (pin 12). Note 
the use of the 2.5kfl bias current compensation resistors in 
these examples. These resistors perform the identical function in 
the ± 1 gain case. Figure 20 demonstrates the performance of 
the AD630 when used to modulate a lOOkHz square wave carrier 
with a lOkHz sinusoid. The result is the double sideband sup- 
pressed carrier waveform. 

These balanced modulator topologies accept two inputs, a signal 
(or modulation) input applied to the ampUfying channels, and a 
reference (or carrier) input applied to the comparator. 
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Applications 




MODULATED 
-O OUTPUT 
SIGNAL 



Figure 19a. AD630 Configured as a Gain-of-One Balanced 
Modulator 




MODULATED 
-O OUTPUT 
SIGNAL 



Figure 19b. AD630 Configured as a Gain-of-Two Balanced 
Modulator 




Figure 20. Gain-of-Two Balanced Modulator Sample 
Waveforms 

BALANCED DEMODULATOR 

The balanced modulator topology described above will also act 
as a balanced demodulator if a double sideband suppressed 
carrier waveform is applied to the signal input and the carrier 
signal is applied to the reference input. The output imder these 
circumstances will be the baseband modulation signal. Higher 
order carrier components will also be present which can be 
removed with a low-pass filter. Other names for this function 
are synchronous demodulation and phase-sensitive detection. 



PRECISION PHASE COMPARATOR 

The balanced modulator topologies of Figures 19a and 19b can 
also be used as precision phase comparators. In this case, an ac 
waveform of a particular frequency is applied to the signal input 
and a waveform of the same frequency is applied to the reference 
input. The dc level of the output (obtained by low pass filtering) 
will be proportional to the signal ampUtude and phase difference 
between the input signals. If the signal amplitude is held constant, 
then the output can be used as a direct indication of the phase. 
When these input signals are 90° out of phase, they are said to 
be in quadrature and the AD630 dc output will be zero. 

PRECISION RECTIFIER-ABSOLUTE VALUE 

If the input signal is used as its own reference in the balanced 
modulator topologies, the AD630 will act as a precision rectifier. 
The high frequency performance will be superior to that which 
can be achieved with diode feedback and op amps. There are no 
diode drops which the op amp must "leap over" with the com- 
mutating ampUfier. 

LVDT SIGNAL CONDITIONER 

Many transducers function by modulating an ac carrier. A Linear 
Variable Differential Transformer (LVDT) is a transducer of 
this type. The amplitude of the output signal corresponds to 
core displacement. Figure 21 shows an accurate synchronous 
demodulation system which can be used to produce a dc voltage 
which corresponds to the LVDT core position. The inherent 
precision and temperature stabiUty of the AD630 reduce demod- 
ulator drift to a second order effect. 



E1000 
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Figure 21. LVDT Signal Conditioner 

AC BRIDGE 

Bridge circuits which use dc excitation are often plagued by 
errors caused by thermocouple effects, 1/f noise, dc drifts in the 
electronics, and line noise pick-up. One way to get around these 
problems is to excite the bridge with an ac waveform, amplify 
the bridge output with an ac amphfier, and synchronously de- 
modulate the resulting signal. The ac phase and amplitude in- 
formation from the bridge is recovered as a dc signal at the 
output of the synchronous demodulator. The low frequency 
system noise, dc drifts, and demodulator noise all get mixed to 
the carrier frequency and can be removed by means of a low 
pass filter. Dynamic response of the bridge must be traded off 
against the amount of attenuation required to adequately suppress 
these residual carrier components in the selection of the filter. 
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Figure 22 is an example of an ac bridge system with the AD630 
used as a synchronous demodulator. The oscilloscope photograph 
shows the results of a 0.05% bridge imbalance caused by the 
IMeg resistor in parallel with one leg of the bridge. The top 
trace represents the bridge excitation, the upper-middle trace is 
the amplified bridge output, the lower-middle trace is the output 
of the synchronous demodulator and the bottom trace is the 
filtered dc system output. 

This system can easily resolve a O.Sppm change in bridge im- 
pedance. Such a change will produce a 3.2mV change in the low 
pass filtered dc output, well above the RTO drifts and noise. 




Figure 22. AC Bridge System 
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Figure 23. AC Bridge Waveforms 

LOCK-IN AMPLIFIER APPLICATIONS 

Lock-in amplification is a technique which is used to separate a 
small, narrow band signal from interfering noise. The lock-in 
amplifier acts as a detector and narrow band filter combined. 
Very small signals can be detected in the presence of large amounts 
of uncorrelated noise when the frequency and phase of the desired 
signal are known. 

The lock-in amplifier is basically a synchronous demodulator 
followed by a low pass filter. An important measure of performance 
in a lock-in amplifier is the dynamic range of its demodulator. 
The schematic diagram of a demonstration circuit which exhibits 
the dynamic range of an AD630 as it might be used in a lock-in 
amplifier is shown in Figure 24. Figure 25 is an oscilloscope 
photo showing the recovery of a signal modulated at 400Hz 
from a noise signal approximately 100,000 times larger; a dynamic 
range of lOOdB. 



CARRIER 

PHASE 

REFERENCE 




AD542 

100R 



Figure 24. Locl<-ln Amplifier 
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Figure 25. Locl(-ln Amplifier Wave Forms 

The test signal is produced by modulating a 400Hz carrier with 
a 0. IHz sine wave. The signals produced, for example, by chopped 
radiation (IR, optical, etc.) detectors may have similar low fre- 
quency components. A sinusoidal modulation is used for clarity 
of illustration. This signal is produced by a circuit similar to 
Figure I9b and is shown in the upper trace of Figure 25. It is 
attenuated 100,000 times normaUzed to the output, B, of the 
summing amplifier. A noise signal which might represent, for 
example, background and detector noise in the chopped radiation 
case, is added to the modxilated signal by the sununing amplifier. 
This signal is simply band limited clipped white noise. Figure 
25 shows the sum of attenuated signal plus noise in the center 
trace. This combined signal is demodulated synchronously using 
phase information derived from the modulator, and the result is 
low pass filtered using a 2-pole simple filter which also provides 
a gain of 100 to the output. This recovered signal is the lower 
trace of Figure 25. 

The combined^ modulated signal and interfering noise used for 
this illustration is similar to the signals often requiring a lock-in 
ampUfier for detection. The precision input performance of the 
AD630 provides more than lOOdB of signal range and its dynamic 
response permits it to be used with carrier frequencies more 
than two orders of magnitude higher than in this example. A 
more sophisticated low pass output filter will aid in rejecting 
wider bandwidth interference. 



9-16 SPECIAL FUNCTION COMPONENTS 




ANALOG 
DEVICES 



FEATURES 

Complete, Fully-Calibrated Synthesis System 

All Standard Functions: Sin, Cos, Tan, Cosec, 

Sec, Cot, Arcsin, Arccos, Arctan, etc. 
Accurate Law Conformance (Sine to 0.02%) 
Angular Range of ±500° (Sine Mode) 
Function Programmable by Pin Strapping 
1.5MHz Bandwidth (Sine Mode) 
Multiplication via External Amplitude Input 

APPLICATIONS 

Continuous Wave Sine Generators 
Synchro Sine/Cosine Multiplication 
Coordinate Conversion and Vector Resolution 
Imaging and Scanning Linearization Circuits 
Quadrature and Variable Phase Oscillators 



Universal Trigonometric 
Function Converter 




AD639 FUNCTIONAL BLOCK DIAGRAM 

^^ 




PRODUCT DESCRIPTION 

The AD639 is a high accuracy monolithic function converter 
which provides all the standard trigonometric functions and 
their inverses via pin-strapping. Law conformance and total 
harmonic distortion surpass that previously attained using analog 
shaping techniques. Speed also exceeds that possible using ROM 
look-up tables and a DAG; in the sine mode, bandwidth is 
typically 1.5MHz. Unlike other function synthesis circuits, the 
AD639 provides a smooth and continuous sine conformance 
over a range of - 500° to + 500°. A unique sine generation 
technique results in 0.02% law conformance errors and distortion 
levels of - 74dB in triwave to sine wave conversion. 

The AD639 is available in three performance grades. The A and 
B are specified from - 25°C to + 85°C and the S is guaranteed 
over the extended temperature range of - 55°C to + 125°C. All 
versions are packaged in a hermetic TO- 116, 16-pin ceramic 
DIP. 

PRODUCT HIGHLIGHTS 

The AD639 generates a basic function which is the ratio of a 
pair of independent sines: 

^ sin (xi - X2) 



W = U 



sin (y^ - y2) 



The differential angle arguments are proportional to the input 
voltages X and Y scaled by 50°/V. Using the 1.8V on-board 
reference any of the angular inputs can be preset to 90°. This 
provides the means to set up a fixed numerator or denominator 
(sin 90°= 1) or to convert either sine function to a cosine 
(cos6 = sin (90° -9)). Using the ratio of sines, all trigonometric 
functions can be generated (see Table I). 

The amphtude of the function is proportional to a voltage U, 
which is the sum of an external differential voltage (Ui — U2) 
and an optional internal preset voltage (Up). The control pin UP 
selects a OV, IV or lOV laser-trimmed preset amplitude which 
may be used alone (Ui - U2 = 0) or internally added to the Ui - U2 
analog input. At the output, a further differential voltage Z can 
be added to the ratio of sines to obtain the offset trigonometric 
functions versine (1 -cos G), coversine (1 -sin 6) and exsecant 
(1 -sec 0). A gating input is available which may be used to 
enable or disable the analog output. This pin also acts as an 
error flag output in situations where a combination of inputs 
will cause the output to saturate or to be undefined. 

In the inverse modes, the argument can be the ratio of two 
input signals. This allows the user to compute the phase angle 
between the real and imaginary components of a signal using 
the arctangent mode. 



♦Protected by U.S. Patent Numbers 3,887,863; 4,475,169; 4,476,538. 
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AD639A 


AD639B 




AD639S 






Parameter 


Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


SYSTEM PERFORMANCE 






















SINE AND COSINE 
























MODE ACCURACY 
























Law Conformance' 


-90°to+90%U=10V 




0.02 






0.02 






0.02 




% 


Total Harmonic 
























Distortion^ 


(alOkHz,U=10V 




-74 






-74 






-74 




dB 


Mismatch of Six Peaks 


-540° to +540° 




0.05 






0.05 






0.05 




% 


Output Noise 


(frlOkHz,U=10V 
(<rlOkHz,U=lV 




2.8 
0.5 






2.8 
0.5 






2.8 
0.5 




jjiV/VHi 

fjiV/VHi 


PEAK ABSOLUTE ERROR 
























Sine Mode 


-90°to+90°,Up=10V 




0.4 


0.8 




0.2 


0.4 




0.2 


0.8 


%FS 




TmmtoT^ax 




1.0 






0.8 


1.8 




1.2 


2.5 


%FS 


Cosine Mode 


-90°to+90°,Up=10V 




0.6 


1.2 




0.4 


0.7 




0.5 


1.2 


%FS 




Tm.nt0T„,ax 




1.5 






1.2 


2.0 




1.7 


2.7 


%FS 


Sine or Cosine 


-180°to + 180°,Up=10V 




0.8 


1.5 




0.5 


0.8 




0.6 


1.5 


%FS 




TmrntoT^ax 




1.7 






1.3 


2.5 




2.1 


3.0 


%FS 




-360°to+360°,Up=10V 




1.2 






1.0 






0.9 




%FS 




-90°to+90°,Up=lV 




1.3 


2.5 




1.0 


1.7 




0.9 


2.5 


%FS 




T„„„toT^ax 




1.5 






1.0 


2.3 




2.0 


3.5 


%FS 




-180°to + 180°,Up=lV 




1.5 


3.0 




1.2 


2.0 




1.1 


3.0 


%FS 




T„,.nt0T^ax 




1.7 






1 3 


2.5 




2.3 


4.0 


%FS 




-360°to+360°,Up=IV 




2.0 






1.8 






1.5 




%FS 


vs Supply 


-360°to+360°,Up=10V 
V,= ±15V±1V 

-360°to+360°,Up=lV 

Vs=±15V±lV 




0.02 
0.07 






0.02 
0.07 






0.02 
0.07 




%FS/V 
%FS/V 


TANGENT MODE ACCURACY 
























PeakError^ 


-45°to+45°,Up=10V 




0.5 


3.5 




0.5 


2.0 




0.5 


3.5 


%FS 




T„,.nt0T^ax 




2.5 






1.5 


2.8 




3.0 




%FS 




-45°to+45°,Up=lV 




0.9 


5.0 




0.9 


3.0 




0.9 


2.5 


%FS 




TmmtoTmax 




4.0 






2.0 


5.0 




1.5 


3.0 


%FS 


ARCTANGENT MODE ACCURACY 
























Peak Angular Error 
























Fixed Scale 


Up=lV 




0.5 






0.5 






05 




Degrees 


Variable Scale 


U = 0.1V, -11V<Z< + 11V 
U=10V, -11V<Z< + 11V 




1.5 
0.2 






1.5 
0.2 






1.5 
0.2 




Degrees 
Degrees 


SECTIONAL SPECIFICATIONS 






















ANGLE INPUTS (XI & X2,Y1 & Ylf 
























Input Resistance to COM 






3.6 






3.6 






3.6 




kn 


Nominal Scaling Factor 






50 






50 






50 




o/v 


XI &X2 Inputs 
























Angular Range For 
























Specified Error(Xl-X2) 




-360 




+ 360 


-360 




+ 360 


-360 




+ 360 


Degrees 


Scaling Error XI or X2 






0.2 


0.65 




0.2 


0.65 




02 


0.65 


% 


Angular Offset XI =X2 = 






0.1 


0.3 




0.1 


0.3 




0.1 


0.3 


Degrees 


Y1&Y2 Inputs 
























Angular Range For 
























Specified Error (Y1-Y2) 









+ 180 







+ 180 







+ 180 


Degrees 


Scaling Error Yl or Y2 






0.2 


2.0 




0.2 


2.0 




0.2 


1.0 


% 


Angular Offset Y1 = Y2 = 






0.1 


1.0 




0.1 


1.0 




0.1 


0.5 


Degrees 


AMPLITUDE INPUTS (Ul & U2) 
























Input Resistance to COM 






50 






50 






50 




kn 


Nominal Gain 


X = Y = VR,WtoZl 




1 






1 






1 




v/v 


Gain Error 


U = 0.1tol0V 

TmintoTmax 




0.01 
0.08 


0.5 




0.01 
0.08 


0.5 




0.01 
0.25 


0.5 


% 
% 


Voltage Offset 


U,=U2 = 0V 
TmmtoTmax 




.3.0 
3.0 


10 




3.0 
3.0 


10 




3.0 
4.0 


10 


mV 
mV 


Linearity Error 


0<U,-U2^10V 




0.1 






0.1 






0.1 




% 


AMPLITUDE PRESET (UP) 
























IV Preset Enabled 


UP tied to -Vs 






















Amplitude Accuracy 


Tm.„toT„,ax 




0.4 
1.5 


2.0 




0.4 
1.5 


2.0 




0.4 
2.0 


2.0 


% 
% 


lOV Preset Enabled 


UPtiedto+Vs 






















Amplitude Accuracy 


T„,,„toT^ax 




0.1 
1.0 


0.55 




0.1 
1.0 


0.55 




0.1 
1.5 


0.55 


% 
% 


INVERSE INPUTS (Zl & Z2) 
























Input Resistance to COM 






50 






50 






50 




kn 
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AD639A 






AD639B 






AD639S 






Parameter 


Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


SIGNAL OUTPUT (W)5 


RL>2kn,CL^100pF 






















Small Signal Bandwidth W to Z 1 


Cc = 

Cc = 200pF 




1.5 
30 






1.5 
30 






1.5 
30 




MHz 
kHz 


Slew Rate 


Cc = 




30 






30 






30 




V/tJiS 


Output Voltage Swing 




±11 


±13 




±11 


±13 




±11 


±13 




V 


Short Circuit Current 




20 


30 


45 


20 


30 


45 


20 


30 


45 


mA 


Output Offset 


Zi = Z2 = 0,Up=10 

T™ntoT„,ax 

Z, = Z2 = 0,Up=lV 

Tm.nt0Tn,ax 




5 
10 

7 


30 
20 




5 
10 

7 


30 
20 




5 


30 
20 


mV 
mV 
mV 
mV 


VOLTAGE REFERENCE (VR) 
























RL> = 1.8kn 
























Nominal Output 






+ 1.8 






+ 1.8 






+ 1.8 




V 


Output Voltage Tolerance 






0.05 


0.45 




0.05 


0.45 




0.05 


0.45 


% 




T^ntoT^ax 




0.08 






0.08 


0.5 




0.2 


0.6 


% 


Supply Regulation 


4-Vs = 5Vtol8V 




150 






150 






150 




IxV/W 


Maximum Output Current 






4 






4 






4 




mA 


GATE I/O (GT) 
























Switching Threshold as an Input 


Output Valid 
Output Invalid 




+ 1.5 
0.1 






+ 1.5 
0.1 






+ 1.5 
0.1 




V 
V 


Voltage Output 


Error, RL = 5ka 
No Error, Ri^ = 5kft 




+ 2.25 
-0.25 






+ 2.25 
-0.25 






+ 2.25 
-0.25 




V 

V 


POWER SUPPLIES 
























Operating Range 




±5.5 




±18 


±5.5 




±18 


±5.5 




±18 


V 


+ Vs Quiescent Current 


U = X = OV,Y = Vr 




8.0 


11 




8.0 


11 




8.0 


11 


mA 


— Vs, Quiescent Current 


U = X = OV,Y = Vr 




5.5 


7.5 




5 5 


7.5 




5.5 


7.5 


mA 


TEMPERATURE RANGE 
























Operating, Rated Performance 




-25 




+ 85 


-25 




+ 85 


-55 




+ 125 


°C 


Storage 




-65 




+ 150 


-65 




+ 150 


-65 




+ 150 


°C 


PACKAGE OPTION^ 
























D-16 

























NOTES 

'intrinsic accuracy measured at an amplitude of lOV using external adjustments to absorb residual errors in angular scaling, angular offset, amplitude scaling and output offset 

^Usmg a time and amplitude symmetric triangular wave of + 3 6V peak-to-peak and external adjustments to absorb residual errors in angular scaling and offset 

^Full-scale is defined as the ideal output when the angle input is at either end of the limit specified 

^Specifications for the X inputs apply for range U = 1 V to lOV, while the Y input errors are specifically given for U = 1 V 

'When driving loads of less than 4kn, a 25pF capacitor from pin 1 5 to pin 9 avoids possible instability, although this is unnecessary when Ci is greater than 1 50pF 

*See Section 16 for package outline information. 

Specifications subject to change without notice 

Sfjecifications shown in boldface are tested on all production units at final electrical test Results from those tests are used to calculate outgoing quality levels 

All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Shaded area denotes preliminary technical data Contact the factory for details. 



PIN CONFIGURATION 



XI 


1 


<y " 

• 


16 


X2 


2 




15 


U1 


3 




14 


U2 


4 


AD639 


13 


COM 


5 




-1 


VR 


6 




11 


Y1 


7 




10 


Y2 


8 




9 



+ Vs 

cc 

w 

Z1 
Z2 
GT 
UP 
-Vs 
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ABSOLUTE MAXIMUM RATINGS 

AD639A,B AD639S 

Supply Voltage ±18V * 

Internal Power Dissipation 300mW * 

Output Short-Circuit to Ground Indefinite * 

Input Voltages Xj, X2, Yj, ¥2^ ± 12V * 

Input Voltages Up, Ui,U2,Zi,Z2* ±25V * 

Operating Temperature Range - 25X to + 85X - 55°C to + 125*'C 

Storage Temperature Range - 65°C to + 1 50°C * 

Lead Temperature, Soldering 60sec, + 300°C * 

NOTES 

*Same as AD639A,B Specifications 

^These inputs are purely resistive and the maximum inputs are determined by 
resistor dissipation limits, not the supply voltages. 



sin (6) 


sin (6) 

1 


sin(e-O) 
sin (90° -0) 


cosec (0) = 


1 

sin(e) 


sin (90° -0) 
sin (6-0) 


cos (9) 


cos (6) 

1 


sin (90*'- 6) 
sin(90''-0) 


sec (6) = 


1 

cos(e) 


sin (90° -0) 
sin (90° -6) 


tan (6) 


sin (6) 
cos (6) 


sin (6-0) 
sin (90° -6) 


cotan(e) = 


cos(e) 

sin (6) 


sin (90° -6) 
sin (6-0) 



Table!. 



Principles Of Operation 

Figure 1 is a functional equivalent of the AD639, intended to 
assist in understanding and utilizing the device: it is not a literal 
representation of the internal circuitry ^ Two similar sine-shaping 
networks accept input voltages Xi, X2, Yi and Y2, proportional 
to the corresponding angles Xi, X2, yi and y2, with a scaling 
factor of 50°A^ (20mV/°). 




Figure 1. Equivalent Block Schematic of the AD639 

The first of these networks generates an output proportional to 
the sine of x = (xi -X2) over a useful operating range in excess of 
- 500° to + 500° (see Figure 3). The accuracy of the function 
over the central ± 180° is excellent, a consequence of the optimized 
network design, further enhanced by precision laser wafer trim- 
ming during manufacture. The output of the X-network is 
multiplied by the amphtude-control voltage, U. This may be 

'For details of the sine-network theory and design, see "A Monolithic Micro- 
system for Analog Synthesis of Trigonometric Fimctions and their Inverses," 
Barrie Gilbert, IEEE Journal ofSolidState Circuits, Vol. SC-17, No. 6, Dec. 
1982, pp 1179-1191. Reprints available. 



provided by applying inputs to Ul or U2, or pre-selected to be 
IV or lOV by a control input to UP, or in combination; that is, 
the function amphtude is U = (Ui - U2) + Up. 

The second network generates an output proportional to the 
sine of y = (yi -y2). Although the X and Y networks are similar, 
other design considerations result in a smaller angular range for 
the Y-input. The principal range is from 0° to + 180°; in the 
adjacent ranges (+ 180° to -1-360° and 0° to - 180°) the error 
trap is activated. 

The ratio of the two sines is generated by implicit division, 
rather than by use of a separate analog divider as indicated in 
Figure 1, and is summed with the voltage Z = (Zi -Z2). The 
difference is applied to the high-gain output op-amp. In the 
normal modes (see below) Zl is connected to the output W, and 
Z2 is grounded. Under these conditions, the function is 



W = U 



sin (xi - X2) 



sin (yj - y2) 

Either sine function can be converted to the cosine by applying 
the input to X2 or Y2 and introducing a + 90° offset, since 



X-ANGLE 
VOLTAGE - 

(50°/V) 




- fT Y2 



Vs ley 



TsJnc 






_L VF 

-J- CERAMIC 

V 



1} 



<7 



OPTIONAL 
- SUMMING 
INPUT 



_L VF 

•T- CERAMIC 

V 



Figure 2. Connections for the Sine Mode with Amplitude 
Preset to 10V 
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Interface Details 



cos (e) = sin(90°-e). For example, by connecting the + 1.8V 
reference output at pin 6 (VR) to XI and the angle voltage, Vq, 
to X2 the numerator becomes the cosine of angle G. Alternatively, 
by connecting VR to either XI or Yl and grounding X2 or Y2, 
the numerator or denominator, respectively, becomes unity, 
since sin(90° - 0) = 1 . By these means, the full set of normal 
functions shown in Table I can be generated. All functions can 
be sign-inverted by interchanging the X-inputs. The Z2 input 
can be used to sum another function to the output, W, with 
unity gain. 

In addition to the normal modes providing sine, cosine, tangent, 
cosecant, secant and cotangent functions, the AD639 can generate 
the offset functions such as the versine, 1 -cos (0), discussed 
below. The inverse functions such as arc-sine, arc-cosine and 
arc-tangent, are also supported by the AD639, by closing the 
feedback loop through the corresponding normal function. The 
output angle is limited to the principal range (for example, 

— 90° to +90° for the arc-sine and arc-tangent, 0° to + 180° or 

- 180° to 0° for the arc-cosine). 

TERMINOLOGY 

When discussing a device having as many inputs and operating 
modes as the AD639, it is important to clarify the nomenclature 
and scaling conventions. In all cases angles are denoted by lower- 
case letters (x, y, 6) and have the dimension of angular degrees. 
Upper-case letters (A, V, U, W, X, Y and Z) refer to voltages; 
subscripts are used to refer to one or the other of a differential 
pair such as Xi - X2, or the preset value Up. Numbered upper-case 
letters refer to the variable name or the package pin. 

THE ANGLE INPUTS: XI, X2, Yl, Y2 

The angles x = (xi - X2) and y = (y 1 - ya) are directly proportional 
to the differential voltages X = (Xi - X2) and Y = (Yi - Y2) re- 
spectively, with a scaling factor of 50°/V. The X-inputs can be 
driven to ± 12V pk, that is ±600°. The Y-input should be 
limited to to + 3.6V (0° to + 180°) to satisfy certain internal 
requirements. The resistance at these inputs is nominally 3.6kCt 
to COM. 

The sine function exhibits odd-order symmetry: sin( - 0) = 

- sin(0). By simply interchanging the X-inputs, the overall sign 
of any function can be inverted. The Y-inputs can also be inter- 
changed to allow operation with a negative input voltage (0 to 

— 3.6V) while maintaining the correct angular range. 

It may occasionally be desirable to reduce the angular scaling 
factor. For example, to convert a triwave of ± lOV amplitude 
into a continuous sinewave requires a scaling factor of 9°A^ 
(since ± lOV corresponds to ±90°). This can be achieved by 
using a resistor (in this case, about 16.4kn) in series with the 
XI input; a resistor of equal value must be inserted in series 
with the X2 input to minimize angular offset error. Note that 
the on-chip thin-film resistors are not trimmed to absolute value, 
so a scaling adjustment is needed; however, once set, scaHng 
will be stable. 

THE AMPLITUDE-CONTROL INPUTS: Ul, U2, UP 

The amplitude of the function can be. determined either by the 
application of an external voltage to the Ul and U2 inputs, or 
by enabling the internal preset voltage Up by taking the control 
pin UP low or high, or via a combination of these modes. The 
net amplitude is U = (Ui -U2) + Up. This sum must be greater 



than zero and less than | - Vs|; voltages beyond these limits 
activate the error trap. 

In the external mode, the differential voltage (Ui -U2) will 
generally be in the range lOmV to lOV. Positive inputs are 
applied to Ul while U2 is grounded; for negative inputs, inter- 
change Ul and U2. The input resistance at Ul and U2 is nominally 
50kfl to analog common. A nominal bias current of - SOjjlA is 
needed at the U-inputs; zero-valued inputs must therefore 
be connected to common to prevent offset error. The gain 
from the U-interface to the output is trimmed to be unity for 
sin(x)/sin(y) = 1 . The effective gain can be lowered using a series 
resistor; to avoid offset an equal resistor must be used in the 
zero- valued input. 

The UP control pin may be left unconnected (or grounded) to 
disable the internal amphtude preset, connected to + Vs to set 
Up= lOV, or to - Vs to set Up= ly. An external resistor of 
75ka ( ± Vs = 5V) to 360kn ( ± Vs = 15V) can be inserted in 
series with UP (which also has an input resistance of typically 
50kn) to minimize power dissipation. Alternatively, Vr can be 
used to enable Up= lOV for ambient temperatures below 
+ 60°C. The UP input can be used to switch the output on or 
off under logic control, but requires a relatively long response 
time. The GT interface is more suitable for this purpose and it 
allows gating to any amplitude, U not just to the preset values 
of IV or lOV. 

THE REFERENCE OUTPUT: VR 

The voltage Vr is laser-trimmed to + 1.8V with respect to analog 
common. It can be used to fix the angle x or y to 90° and thus 
set sin(x) or sin(y) to unity. It can also provide a 90° offset to 
convert the numerator or denominator to a cosine function. 
Stable offsets less than 90° may be introduced using a voltage-divid- 
ing series-resistor (nominally 3.6kn for 45°). Vr can also be used 
as the amphtude input voltage Ui - U2, or as a convenient control 
input to set Up= lOV for ambient temperatures below +60°C. 
This output is short-circuit protected and can provide up to 
4mA total load current. 

THE ERROR-TRAP AND GATE: GT 

In some appUcations it may be useful to know that the output is 
severely in error due to a dynamic combination of inputs. For 
example, the tangent, cotangent, secant and cosecant all exhibit 
regions where the function increases sharply for small angular 
changes, and the output may easily saturate. Consider the case 
where (lOV) tan (0) is being generated. W is lOV for = 45°, 
and the theoretical outp^t of 17.3V at = 60° cannot be achieved 
using ± 15V supplies. Likewise, the output is invaUd whenever 
the angle y is outside of a valid range (principally to + 180°), 
or when U<0 or U>| - Vs|. Under such conditions the AD639 
generates a HIGH output at pin 11 and simultaneously clamps 
the analog output to zero (in fact, to the voltage Z2). Grounding 
GT disables the error trap. 

The GT pin may also be used as an input to gate the function 
output. This is achieved by raising pin 11 to a voltage above 
+ 1.5V. Response time is typically 500ns for a logic drive of 
to +2V, and the ON/OFF ratio is greater than 83dB when used 
as a continuous-wave sine converter with a single-sided ± 1.8V 
triwave drive at frequencies up to lOkHz, or 63dB at lOOkHz; 
the feedthrough is entirely capacitive, and is equivalent to 5pF 
between XI or X2 and the op-amp simiming node. Feedthrough 
can be minimized by using a balanced drive to XI and X2. 
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Operation In Normal Modes 

In normal modes, the Z-input establishes a feedback path around 
the output op-amp, by connecting Zl to the output, W, and Z2 
to the groimd associated with the load circuit. For the highest 
accuracy Zl can be used to sense the output at the load terminals. 
Similarly, zero-valued angle inputs and the angle common (pin 
5) should be connected to the ground associated with the source 
circuitry. 

SINE MODE 

The AD639 can generate either (1) a low-distortion continuous 
sinewave from a repetitive triwave input or (2) a high-accuracy 
sine function for use in computational appUcations. In most 
cases, the choice of preset or externally-controlled amplitude 
will make little difference to distortion or accuracy, and both 
methods are used in this section. In all of the normal modes, the 
Z2 input can be used either to sum a further signal to the output 
(or introduce an optional output offset trim). The denominator 
is set to unity by making y = 90*', using the + 1.8V output. 
Figure 2 shows typical connections. The lOV preset is selected, 
using Vr as a control input to UP, and the ideal output is 
(lOV)sin(x). In practice, five basic types of error arise: 

1 . X-angle scaling error: The amount by which the angle generated 
for each volt of X-input differs from 50**. In triwave-to-sinewave 
(CW) applications this introduces odd-order harmonic distor- 
tion, and is indistinguishable from an incorrect triwave 
amplitude. 

2. X-angle offset error: The actual angle generated when 

X = (Xi -X2) = 0. In CW applications this introduces even- 
order harmonic distortion, as a non-zero mean in the triwave 
would. 

3. Amplitude scaling error: The amoimt by which the peak-to-peak 
amplitude of the sinewave differs from the ideal value, U/sin(y). 
This error is usually critical only in computational applications. 
Errors associated with the Y-network also affect the amplitude 
in the sine mode. 

4. Output offset error: The amount by which the mean value of 
the sinewave differs from zero (strictly, the voltage on Z2). 
This error is only important in computational applications. 
Note that the output may also be non-zero due to angular 
offset on the X-input. For example, the typical specified X- 
angle offset of 0.1° introduces an output error of 17.45mV 
when U/sin(y) = lOV, more than three times the specified 
mean offset component of 5mV. 

5. Law-conformance error: The residual deviation between the 
output function and the ideal function when all of the above 
errors have been removed by trimming during manufacture 
or further external trimming, limiting the ultimate accuracy 
of the function. 

Figure 3 shows the function when driven well beyond the specified 
angular range, using a differential X-input of ± 18V peak. This 
also shows the AD639's ability to drive ± 15V into a 600n load, 
with supplies of ± 18V. Using an accurate data-acquisition system 
the output can be compared to a computer-generated sine function. 
When the first four types of errors are trimmed out, the peak 
error over the full input range is typically less than 0.5%. Over 
the central - 90° to + 90°, the peak law-conformance error is 
typically only 0.02%. Figure 4 shows the law conformance for 
four typical samples of AD639. The differential signal interfaces 
simplify the inclusion of optional offset correction to any of the vari- 
ables. 




Figure 3. Output Function for Peak X-lnput of : 
U = 15V, Ri_ = 600n (± Vs - 18V) 
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Figure 4. Residual Error Over Central 180° Using External 
Trimming 

HARMONIC DISTORTION 

The AD639 can generate continuous sinewaves of very low 
distortion using a linear, highly-symmetric triangle-wave of 
± 1.8V amplitude. Imperfections in the triwave will cause the 
following errors: 

1 . Incorrect amplitude: This causes odd-order distortion. Each 
1% error (either too large or too small) generates 0.25% of 
HD3, 0.0833% of HD5 and a total harmonic distortion (THD) 
of0.27%(-51.42dBs). 

2. Baseline offset: This causes even-order distortion. Each millivolt 
of offset in a 1 .8V triwave generates 0.037% of HD2, 0.0074% 
of HD4 and a THD of 0.038%, as well as a DC offset of 
0.055% of the output amplitude. 

3. Time-asymmetry: The run-up time, ti, and run-down time, t2, 
of the triwave may be unequal. This causes both odd- and 
even-order harmonics. Let the asymmetry in percent be 

p= 100(ti - t2)/(ti + t2). The even-order terms are proportional 
to p; the odd-order terms increase as p^. A 1% time-asymmetry 
generates 0.57% of HD2, 0.00625% of HD3, 0.043% of 
HD4 and 0.00167% of HD5, and a THD of -44dBs. There 
is no DC term. 

4. Amplitude-nonlinearity: This can take on many forms, such as 
an exponential nonlinearity in the triwave, amplitude com- 
pression, and so on. Distortion can be calculated for various 
special cases. Fortunately, it is fairly easy to avoid these 
types of imperfections in the triwave generator using appro- 
priate design methods. 
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Normal Modes 



When triwave errors are minimized, harmonic distortion can be 
as low as 0.01%. Figure 5 shows the output spectrum at lOkHz, 
with an output amplitude of 20V pk-pk and a load resistance of 
lOkn. An HP3325A synthesizer/function generator was used to 
produce the triwave. Distortion rises only slightly when using 
the minimum specified load of 2kn; in fact, the AD639 can 
drive loads down to 600n. At ± Vs= ± 18V, sine ampUtudes of 
± 15V (10.6V rms, or 225mW of load power) can be generated, 
with typically 0.03% HD2 and HD3. 




Figure 5. Spectrum of 10V Sine Output at WkHz; 
HD2= -88dBs, HD3= -85.5dBs 

COSINE MODE 

The cosine function is generated by offsetting the sine by 90° 
using Vr. The X-input is connected to X2 and VR to XI; then 



^^ sin(90°-x) 
sin (90^-0) 



= U cos (x) 



Connections for the cosine are shown in Figure 6; the amplitude 
in this case is determined externally, by way of illustration. The 
angular range now extends from -400" to +600°, with highest 
accuracy between 0° and + 180°. 

TANGENT AND COTANGENT MODES 

The tangent function is provided by the connections shown in 
Figure 7. The angle voltage, corresponding to 6, is applied both 
to the nimierator, set to the sine mode, and the denominator, 
set to the cosine of the same angle: 



W = U 



sin(e-O) 



u 



sin (6) 



sin (90° -6) cos (6) 



= Utan(e) 



Most appUcations require accurate operation for angles up to 
nearly ±90° and accordingly U is preset to IV (rather than 
lOV). Under these conditions, W= IV when 6 = 45° and 11.43V 
when 6 = 85°. Using 15V supplies, the output op-amp will be 
imable to generate the tangent much beyond this point: at only 
86° it would theoretically need to reach 14.3V. For an input 
exceeding 90° in either direction the denominator becomes nega- 
tive, and the error trap is enabled. Figure 8 shows the function 
for inputs up to ±2.5V (±125°). 

The errors associated with the sine mode, (see above) apply to 
the tangent mode also, but the total error in the tangent, cosecant, 
secant and cotangent modes (when the Y-input is also varied) 
are higher, since the Y network is not trimmed and the angular 
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Figure 6. Connections for tiie Cosine IVlode with External 
Amplitude Control 
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Figure 7. Connections for Tangent IVlode with Amplitude 
Preset to 1 V 




Figure 8. The Tangent Output for Angle Inputs Up to 
± 125" (Error Trap Activated Above 85V 



scaling and offset errors of this network are absorbed during 
trimming of the output in the sine mode. 

The cotangent is generated by interchanging numerator and 
denominator. The principal range is now from to + 180°, and 
the output (lV)cot (6) ranges from + 11.43V at 6 = 5°, through 
zero at 6 = 90°, to - 11.43V at 6= 175°. 
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SECANT AND COSECANT MODES 

In secant and cosecant modes, the numerator is fixed to unity 
by connecting XI to VR and X2 to analog common. For the 
secant, angle voltage A is connected to Y2 and Yl is tied to VR; 
then 



W 



sin(90°-0) 1 

sin(90°-e) cos (6) 



= Usee (6) 



The principal range is - 90° to + 90°. The most practical amplitude 
scaling is provided using the U-preset of IV, when the output 
ranges from + 11.47V at 6= -85° and +85°, to + IV at 6 = 0. 
The cosecant differs only slightly: the angle input is connected 
to Yl and Y2 is connected to analog common, making the de- 
nominator sin (6). The principal range is now to + 180°. When 
U= IV the output is + 11.47V at 0= + 5° and + 175°, and + IV 
at = 90°. 

OFFSET MODES 

The versine, vers (6) = 1 - cos (9), coversine, covers (6) = 
1 - sin (G), and exsecant, exsec (0) = 1 - sec (0) involve the addition 
of a constant term to one of the normal trigonometric functions. 
These can be generated with the AD639 using the Z2 input to 
add a voltage to the output proportional to the amplitude of the 
basic function. In the versine and coversine modes this is simply 
the same voltage as applied to Ul (U2 grounded) to set up 
the ampUtude of the sign-inverted cosine or sine function, 
respectively: 

W = U-Uf(0) = U(l-f(0)) 

In these two modes the output starts at zero and has a peak 
value of twice the amphtude voltage, U. 

For the exsecant a negative voltage is added at Z2 and this same 
voltage is applied to U2 with Ul grounded; this satisfies the 
requirement that the sign of Ui - U2 be positive. (See comments 
on the Amplitude Control Inputs). The angle inputs are set up 
for the secant; the principal range is still - 90° to + 90°, but the 
output is now zero when the input angle is zero. 

OPERATION AT LOW SUPPLY VOLTAGES 

The signal ranges at the angle interfaces are essentially independent 
of the supply voltages. In almost all cases, the primary limitation 
to the function's range will arise at the output, W, which can 
swing to within approximately 2V of either supply. For example, 
the X-input may have a peak value of ± 12V ( ± 600°) even 
when using ± 5V supphes. 

Inverse Function Modes 

The AD639 generates the inverse trigonometric functions by 
closing the feedback loop around the output op-amp through 
the angle inputs, rather than through the Z-interface, resulting 
in a nonlinear feedback system. To understand this, note first 
that the general transfer function (with UP disabled) is 

where Aql is the open-loop gain of the output op-amp (typically 
85dB). Provided that the overall feedback remains negative, the 
loop can be closed in many ways, so as to force the quantity 
inside the brackets to a null, when 

sin(xi-X2) ^ (Z1-Z2) 
sin(yi-y2) (U1-U2) 



whatever combinations of variables are used to set up the feedback 
path. In particular, when the angle inputs are used the system 
will have one of the normal functions in the feedback path. The 
input to this system is now the ratio (Z/U), and the output is a 
voltage corresponding to the angle generated by the inverse of 
the function in the feedback path. 

Since all of the normal functions are periodic, and the maximum 
value of the op-amp output can be equivalent to angles as large 
as ± 650°, the closed-loop system could arrive at false "solutions" 
to the above equation, that is, at angles outside of the principal 
range. Also, the feedback can become positive in the wrong 
angular range, causing latch-up. Hence, it is essential to limit 
the magnitude of the feedback voltage. Ideally, this is done 
using precise active clamps, but the saturated value of the output 
at given supply voltages, in combination with a simple resistive 
divider to the angle inputs, is usually sufficient to limit operation 
to the principal range. The voltage at the angle inputs will be 
accurate, but the op-amp output will in general have inaccurate 
scaling and may show large offsets, due to the bias currents at 
the angle inputs. The error- trap should be disabled in the inverse 
modes by grounding GT. 

ARCTANGENT MODE 

The arctangent is the most useful of the inverse modes. With 
the connections shown in Figure 9 the loop solves the equation 

sin (0-0) _ __ ,,,_ (Z1-Z2) 
sin (90° -0) 



-tan(0) = 



(U1-U2) 

where is the angle corresponding to voltage A, scaled by SO°fV. 
It follows that 



= tan 



-i (Z2-Zi) 
(U1-U2) 



The reversal of Zi and Z2 in the numerator is due to the negative 
sign in the tangent function. The numerator may be either 
positive or negative, and the connections can be interchanged to 
alter the overall sign of the function. The denominator must be 
positive, but Ul and U2 may be interchanged to accept a negative 
input voltage. The ability of the AD639 to form the ratio of two 
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Figure 9. Connections for tfie General Arctangent Mode 
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Inverse Modes 



variables prior to the arctangent operation is very useful in 
many applications, for example, in real-time Cartesian-to-polar 
conversion (see Applications section). The denominator can also 
be preset to IV or lOV using the UP input; when U = IV, the 
angle a is simply the arctangent of the voltage value of Z2 - Zi. 
Figure 10 shows an X-Y plot of the output for Z = - lOV to 
+ lOV (horizontal axis of photograph) with four values of U 
(0.3V, IV, 3V, lOV). 




Figure 10. The Arctangent Output for Z= 
U = 0.3V, 1V,3Vand 10V 



:10V and 



Range-Limiting and Loading 

Resistor Rf in Figure 9 forms a divider with the parallel sum of 
the input resistance at X2 and Y2 and the load resistance, shown 
here as 2kn, which prevents the output angle voltage A from 
exceeding ± 1.7V (0= ±85°), using ± 15V suppUes. This voltage 
is not directly affected by the load resistance (that is, the output 
behaves as a low-impedance node) but the angular range limits 
are. Consequently, the nominal value of Rf should be calculated 
for specific values of load resistance, angular range and supply 
voltages, and a trim range of about ± 10% included to set up 
the angle limits correctly. Rqs is needed to compensate the input 
bias currents and thus equalize the clipping limits: it does not 
cause an offset in 6. The direct output at pin 14 is also the 
arctangent but with imprecise scaling. Although this can be 
trimmed by Rf there will also be a supply-dependent offset due 
to Ros- For these reasons, the direct output should not be used 
in this mode. 

HP Compensation 

The output op-amp is internally compensated to be stable in all 
the normal modes when feedback is via the unity-gain difference 
amplifier associated with the Z-interface. The dominant pole is 
determined by the 30kn resistor and on-chip 3.5pF capacitor 
(see Figure 1) for a closed-loop bandwidth of 1.5MHz. In the 
arc-tangent mode, however, the gain of the feedback path is 
much greater than unity for practical angle values and is theoreti- 
cally unbounded. For example, if the forward path is set up to 
generate (lV)tan(6), the incremental gain near 6 = is slightly 
less than unity (since a 20mV change in voltage A causes a 
change of (lV)tan(l°) or 17.5mV in output W) but at 6 = 85° the 
gain is 115. While the resistive divider used to limit the angle 
voltage A will lower the loop gain, it can still exceed unity. The 
capacitors Cc and Cm in Figure 9 provide the HF compensation 
required for operation up to ± 85°, with all values of U. 



ARCSINE AND ARCCOSINE MODES 

The basic principles for the arcsine and arccosine are similar to 
those described for the arctangent. As before, the argument of 
the function is the ratio ( - Z/U), where U may be preset to IV 
or lOV, the loop gain must be negative over the principal angular 
range of the output, and the feedback voltage must be limited 
to ensure that this range is not exceeded. The loop stability is 
easier to ensure, since the peak gain is bounded. With U = lOV 
the maximum incremental gain of the forward path (at 0° for 
the sine and + 90° for the cosine) is 8.75 and the peak loop gain 
is much less than this because of the attenuation used to limit 
the angular range. Thus relatively little additional HF compen- 
sation is required. 

Cormections for the arcsine are similar to the arctangent (Figure 
9) except that Y2 is groxmded, and Cc and Cm can be reduced or 
even omitted. Rf is adjusted for a peak angular range of ± 90° at 
the (attenuated) output; if too high, the function will still be 
correct, but the maximum angle will be less than 90°; if too 
low, the fimction will exhibit hysteresis near the peak output. 
Adjustments will be needed for other values of load resistance 
and supply voltages. Note that the general limitation on the 
ampUtude input (U< = |-Vs|) must be observed. Figure 11 
shows an X-Y plot of the arcsine output for Z = - lOV to + lOV 
(horizontal axis of photograph) with three values of U (2V, 5V 
and lOV). The arcsine can be inverted by reversing the 
Z-interface. 




Figure 1 1. Tine Arcsine Output for Z= ± 10V and U=2V, 
5V and 10V 

For the arccosine, use the arcsine connections with XI tied to 
Vr and insert a small-signal diode in series with Rf, having its 
cathode on the angle-interface side. This allows the output to 
move only in a positive direction. Zl now becomes the positive 
numerator input, and the principal range is from 0° (when 
ZAJ= - 1) to +180°. The function is similar in appearance to 
the arcsine, except for the + 90° output pedestal and the reversal 
of phase along the horizontal axis. Note that 

cos-\ZfU) = 90° - sin-i(Z/U) = 90° + siR-\ - Z/U). 

To generate the negative arccosine, reverse the X- and Z-interfaces 
and the polarity of the diode. The output now runs from - 180° 
for an input of Z = (Zi - Z2) = - lOV (with U = lOV) to 0° at 
Z= + 10V. 

It is strongly recommended that X-Y oscilloscope methods are 
used to investigate functional behavior during the development 
of any of these modes of operation: time-domain displays can 
easily become confusing. 
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Figure 12. General-Purpose Function Generator 



Applications 



WIDE-RANGE WAVEFORM GENERATOR 

Figure 12 shows an inexpensive signal generator, providing 
voltage control of frequency from 20Hz to 20kHz and a pre-set 
sine amplitude of 2.8V (within O.ldB of 2V rms). This output 
may be further modulated by an input of up to ± 2.8V to IJ2, 
or gated off by an input of + 1.5V or more to GT; Figure 13 
shows the gated response. If required, a further input can be 
siunmed into Z2. The sine output can be set to lOV amplitude 
by connecting UP to VR and grounding Ul. 

An AD654 is used to generate the triwave which appears across 
the timing capacitor Q, and is buffered, amplified and level-shifted 
by Al and A2. Using a spectrum analyzer, F3 and P4 are adjusted 
to minimize even- and odd-harmonic distortion, respectively. 
The triwave linearity is not good enough to realize the inherent 
capabilities of the AD639, but total harmonic distortion is in the 
-50dB to -60dB range. A3 provides further gain for a ± lOV 
triwave output. The square-wave output is taken directly from 
the AD6S4 and is unbuffered. It swings between ground and 
+ 15V; if pins 2 and 5 of the AD654 are connected to - 15V, 
this output is 30V pk-pk. 

The frequency scaling with the linear input (shown) is lOkHz/V, 
calibrated using PI. The frequency can be controlled manually, 
using a potentiometer and the Vr output of the AD639. PI has 
sufficient trim range to provide a full-scale frequency of 20kHz 
with the 1.8V peak input. The alternative input scheme pro- 
vides a "log-sweep" response with an approximate scaling of 
10^ kHZ (when V is in volts). The range is now from about 
lOHz to lOOkHz; the frequency should be set to IkHz with 
V=0, using P2. The frequency is now sensitive to variations in 
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Figure 13. Gated Output. Top Trace: to +2V Gate Input. 
Bottom Trace: 2V rms Gated Sine Output 

both temperature and the + 15V supply, but stability will be 
adequate for many applications. 

Frequency Multiplication 

Because of the exceptionally wide angular range of the numerator 
fimction of the AD639, it is possible to generate sinewave outputs 
with 2, 3, 4 or 5 times the triwave frequency using the cosine 
mode for even multiples or the sine mode for odd multiples.^ 
For example, to multiply the output frequency by 3, use the 
sine function with the X-input driven to ± 5.4V (±270°). Dis- 
tortion remains low; all harmonics are typically under - 50dBs, 
even for the frequency-quintupling mode. 



^For full details see "A Remarkable Monolithic Microssrstem Generates 
Trigonometric Functions," Barrie Gilbert, Industrial Electronics Equipment 
Design, September 1984, pp. 19-24. Reprints available. 
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Figure 14. Four-Quadrant Sine IVIultiplier; for Cosine, 
Interchange XI and X2 and Connect Angle 'Lo' Input to VR 



FOUR-QUADRANT SINE/COSINE MULTIPLICATION 

In synchro applications it is often necessary to multiply an AC 
sinusoidal 'carrier' by a further sine 'modulation* function. This 
can be achieved in two ways; the first is suitable only when 
there is a large ratio between the carrier frequency and the 
modulation frequency. Using a single AD639, the carrier input 
Asin(a)t) is appUed to U2, and a DC bias yoltage established on 
Ul (which can be provided by a series resistor connected to 
+ Vs). The modulation input, x, is appUed to angle inputs 
connected for — sin(x). The output is then W = - sin(x) 
(Ui-Asin((ot)). Using AC-coupling to the load, the voltage 
Asin(x)sin((j)t) results. Since the peak value of W is (Ui + A), a 
maximum of about 6V amplitude can be achieved before output 
saturation. A further limitation of this approach is that the AC- 
coupling may allow excessive transmission of the sine modulation 
function. However, with typical values of 400Hz for the carrier 
and lOHz for the upper modulation frequency, this simple 
approach is practical. Cosine modulation is similarly achieved. 

An alternative method is DC-coupled and thus imposes no 
frequency-ratio limitations; it also allows an input/output 
amplitude of up to 12V. Two AD639s are used (Figure 14), the 
second having both the X- and U-interfaces phase-inverted 
relative to the first, and the two outputs are summed. The 
figure shows a general bipolar input. A, applied to the U-inputs. 
The first device generates Asin(x) when A is positive and zero 
when A is negative. The second device generates -Asin(x) 
(actually Asin( - x)) when A is negative and zero when A is 
positive. The instantaneous siun of the two half-sines is Asin(x). 
The switching speed of the U-interface is adequate to handle a 
sinusoidal input A = (10V)sin(&>t) at frequencies up to at least 
IkHz, without significant crossover distortion. In synchro appli- 
cations errors as small as 5 arc-minutes can be achieved. 

Polar-to-Cartesian Conversion 

Using a pair of AD639s connected as shown in Figure 14, and a 
second pair connected similarly for the cosine function, a vector 



of magnitude A and angle x can be resolved into its orthogonal 
components Asin(x) and Acos(x), with imrestricted operation in 
all quadrants and very high accuracy. 

Cartesian-to-Polar Conversion 

A point Z,U in a plane can be converted to a magnitude component, 
A, and an angle component, 6. A suitable vector sununation 
circuit can be found in the AD637 data sheet. The AD639 in 
the arctangent mode can provide the angle output 6 = tan"^(Z/U). 
If U is bipolar, an absolute-value circuit using an AD630 should 
be added. 

Sine/Cosine (Quadrature) Oscillators 

Quadrature oscillators generate a pair of sinusoudal outputs 
displaced by 90°, and invariably are based on a "state-variable" 
loop consisting of two integrators and a sign-inverter. Practical 
difficulties in this approach are (1) considerable additional circuitry 
is required to control the amplitude of the oscillation; (2) a 
trade-off arises between the settling-time of this control circuitry 
and the distortion level, particularly troublesome at low fi:e- 
quencies; (3) the amplitude balance of the two outputs is dependent 
on the matching of two time-constants; (4) two tracking analog 
multipliers or midtiplying DACs are needed if the frequency is 
to be programmable. 

These problems are avoided using a fimction-shaping technique 
based on a triwave oscillator, which requires only one time-con- 
stant, and whose frequency can thus be more easily controlled. 
The need for an amplitude control system is eliminated using 
the scheme shown in Figure 15. The two outputs have accurate 
amplitudes of lOV (without the need for an external reference 
source) or can be individually controlled by external voltages, 
without any effect on frequency. Variable-amplitude sine and 
cosine outputs can be added (using the Z-input discussed earlier) 
to provide continuously- variable phase-control of the output. 
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Figure 15. Quadrature Oscillator 



The triwave oscillator comprises an AD630, which alternates the 
sign of the 1.8V reference from one of the AD639s to generate a 
square-wave output of ± 1.8V amplitude, and an integrator 
formed by Rl, CI and the op-amp, which generates the triwave. 
The ampHtude of the triwave is determined by the ratio of R3 
and R4, and is nominally ± 1.845V, 2.5% higher than needed at 
the inputs of the AD639s, providing the adjustment range needed 
to minimize distortion. In many apphcations, all adjustments 
can be eliminated; to do this, make R3 = R4 = 5kn, omit P2, 
P4, R5 and R7 and replace PI, P3, R6, and R8 with short 
circuits. The frequency is nominally l/4CiRi, and is IkHz with 
the component values shown. A variety of methods may be used 
to provide external control of frequency, including the use of 
another AD630 in series with Rl, or the use of a multiplying 
DAC. 



■I 



Figure 16. Top Waveform: Difference Voltage Between 
Triwave and Squarewave. Bottom Waveform: Resulting 
Output 

The sine output is generated using the triwave directly. PI and 
P2 should be adjusted using a spectrum analyzer for minimum 
odd-order and even-order harmonics, respectively. The cosine 
output is generated by using the difference between the triwave 
and the square-wave, shown in the upper waveform in Figure 
16. This composite voltage first generates a sine-function over 
the range to + 180°, then over the range to - 180°, to produce 
the function shown in the lower waveform, which can be seen 
to be 90° out of phase with the triwave. The complete set of 
waveforms available from this generator are shown in Figiure 17. 



BhBH 



Figure 17. Timing Relationships Between All Outputs of 
the Quadrature Oscillator 




Figure 18. Spectrum of Cosine Output at 1kHz 

P3 and P4 are adjusted for minimum odd-order and even-order 
cosine harmonics, respectively; Figure 18 shows the cosine 
spectrum for a well-adjusted circuit. 

Due to the finite transition time back to the baseline in the 
drive voltage to the cosine generator, a brief spike occurs at the 
zero-crossing of tips output. The frequency components will be 
beyond the bandwidth of the output amplifier in the AD639, 
and the energy contained in these spikes will not generally be 
troublesome. They may be further reduced, if necessary, by 
adding a capacitor between pins 14 and 15, to roll off the AD639 
output response. 



9-28 SPECIAL FUNCTION COMPONENTS 




ANALjOG 
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Precision, Wideband 
Ctiannel Processing Element 



AD890 



FEATURES 

An 80MHz Bandwidth Permitting a 50Mb/s Data 

Transfer Rate 
A Variable Gain Amplifier with 30dB max Gain 

and 40dB Control Range 
Two Gain of 4 RF Buffers 
200n Differential Load Drive Capability 
A Pair of Precision Rectifiers 
AGC Level and Threshold Outputs 
An Averaging, High Gain Sample-and-Hold for 

Accurate AGC Operation 
Typical Gain Drift in Hold Mode: 0.2dB/ms 
Gains Trimmed and Temperature Compensated 
AGC Operation Independent of AGC Level 
Symmetrical AGC Attack/Decay Times 
1|jis AGC Attack/Decay Times Using a lOOOpF 

External Capacitor 
Suitable for Use as an Accurate Video Prog 

Gain Amplifier , , 

Dynamic Clamp Ensures Fast Recc^#ilry i^ftfir ^^rite, tcl;;'^ 

Read Transients ^ , j-^'iji '%'^^"'', . '''•■ '■'"' 

AGC RF Output Level is \f^iljs0i^fi^^et , ^^^^ 

PRODUCT DESCRIPTION 

The AD890 is primarily intended for high-j^erformance di^c ' 
subsystem use and as such it is configured around the classic 
read channel processing block diagram. It is intended to be 
connected between the head preamplifier and the qualification 
circuitry required for digital data recovery. When used with the 
AD891 rigid disk data qualifier, data transfer rates in excess of 
50Mb/s can be processed. 

A temperature-compensated AGC loop, with an exponential 
transfer characteristic, permits optimal settling and allows for 
predictable performance in the classic single integrator control 
loop configuration. Fast acquisition and low droop while in the 
hold mode allow for AGC operation to be performed within the 
sector header without compromising channel behavior when 
reading data. 

The AD890 processing element has the flexibility to perform 
both continuous and sampled AGC functions; it is also ideal for 
embedded, dedicated, or mixed servo applications. Two user- 
defined filter/equahzer stages may be employed, thus allowing 
maximum design flexibility. This greatly simplifies the design of 
the overall channel characteristics. Using the AD890, the designer 
no longer needs to resort to passive techniques to isolate network 
functions; this avoids problems of signal loss and interaction. 



AD890 FUNCTIONAL BLOCK DIAGRAM 




T^o tew-offset, lOOMHz full- wave rectifiers provide the capability 
,J'f';:v to'track a IV peak signal. The rectifier generating the "Qualifier 
Threshold" output may be used for creating a data qualification 
level. A second rectifier is used to drive the sample-and-hold 
circuitry. 

The 80MHz bandwidth of the AD 890 ensures good phase linearity 
up to 50MHz. Thus, data transfer rates in excess of 50Mb/s can 
be supported with good error rates and predictable channel 
behavior. 

The AD890 is available in both a 24-pin, slim-line cerdip package 
and in a 28-pin PLCC package and is specified to operate over 
the to 70°C commercial temperature range. 

PRODUCT HIGHLIGHTS 

1 . A highly predictable gain control function allows the user to 
perform a very accurate preset operation and facilitates D/A 
converter control capability. 

2. Two low-offset, lOOMHz full-wave rectifiers are provided. 

3. An internal clamping circuit ensures short recovery times 
after read/write switching of the external head chip. 

4. An 80MHz bandwidth ensures good phase linearity. 

5. A 0.2dB per ms droop in gain during AGC hold mode. 

6. All RF gain stages offer calibrated temperature-stable gains. 
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SPECIFICATIONS 



(@+251! and ±5V dc, unless otherwise noted) 









AD890J 






Model 


Conditions 


Min 


Typ 


Max 


Units 


VARIABLE GAIN AMPLIFIER 












Maximum Gain ^ 




29.5 


30.0 


30.5 


dB 


± 3dB Bandwidth 


Up to 26dB Gain Reduction 


100 






MHz 


Input Voltage Noise 


OdB Gain Reduction, f = IkHz 




5 




nV/Vilz 


Input Signal Range 


Recommended p-p Differential 


10 




200 


mV 


Input Resistance 






12 




ka 


Output Impedance 






5 




n 


Harmonic Distortion 


OdB Gain Reduction 




0.15 




% 




26dB Gain Reduction 




1.5 




% 


Output dc Level 






3.5 




V 


INPUT CLAMP^ 












Turn-On Time 






30 




ns 


Turn-OffTime 






200 




ns 


Input Signal Attenuation 






';/ 45 




dB 


On-State Input Impedance 


Differential 


'. ."''"'■ 


,'■ 14 




a 


GAIN OF 4 BUFFER 




. '":'..^(:. 


1}, 






Nominal Gain 




%^^i^0 


12.75 


13.00 


dB 


Gain Variation 


A min to 1 max ,„„, . ,'■ „ 




±0.25 




dB 


± 3dB Bandwidth 


.,;. fe, '^y ' 


16a,:,,,/'' 


'*,', ,.»""v* 




MHz 


Input Voltage Noise^ 


f=lkHz ..vk 1"^/^ ■"' 




"'■'"'7 




nV/VHz 


Input Resistance 




40a, 






ka 


Input Common-Mode Range 




«K'i^l.5 




+ 1.5 


V 


Output Resistance 


.. "" ■'. :■' "%/i^'''' '" €/. ''(j^'^H^V:'.'''' 




10 




a 


Harmonic Distortion 


^306|y■^|yt6utpf 'Wf ^,^,^ 


/ /I ', ' 


0.20 




% 


Output Signal Level 


'; li^oiimendfid ^p Di^erttial <;"\,, 


// 


1.3 




V 


Output dc Level 




, )l 


2.5 




V 


FULL WAVE RECTIFIER 


■'''%. "'tr^?--' /■''"':■■' "^f 1' ''-:■' 










Input Signal Level 


p-pDif#ential '\ 'S ''' 


0.3 




3 


V 


- 3dB Bandwidth 


100mV(c/ IV Peak Input'' 


100 






MHz 


dc Offset^ 






10 


±20 


mV 


AGC CONTROL SECTION 












Attack Time 


26dB Gain Step- lOOOpF Cs ample 




1.0 




JXS 




26dB Gain Step- < SOpFCsample 




120 




ns 


Hold Time 


IdB Gain Change- lOOOpF Cs ample 




10 




ms 


AGC Control Range 




36 


40 




dB 


AGC Control Sensitivity 


Per 20mV Input 




1 




dB. 


AGC Control Linearity 


26dB AGC Range 






±0.25 


dB 


Set Level Input Range 


For Specified Accuracy 







800 


mV 




Nondestructive Input Range 


-0.3 




Vcc 


V 


MODE CONTROL SECTION 












TTL Compatible 












ViH 




2.0 






V 


Vii. 








0.8 


V 


IlH 








100 


nA 


IlL 








2.0 


^.A 


Mode Switching Times 








50 


ns 


POWER SUPPLY REQUIREMENTS 












Rated Performance 






±5.0 




V 


Operating Range 




±4.6 




±6.5 


V 


Quiescent Current 


Tmin to Tmax 










Vcc 




44 


60 


76 


mA 


Vee 




18 


28 


40 


mA 



NOTES 

'Gam calibrated m gain set mode with volts applied to the Gain Set Pin 
^Clamp operation is specified with a source impedance of 200(1 m series with 0. 1 |xF 
^Over the full lOOMHz bandwidth of the AD890, the worst-case rms signal-to-noise ratio 
IS 40dB or better with a 40dB AGC range. 
■^Measured usinga 4kii resistor connected between the Quahfier Threshold Pin and Vi 1 . 



Specifications subject to change without notice. 

All mm and max specifications are guaranteed. Specifications m boldface are tested on 
all production units at final electrical test Results from those tests are used to calculate 
outgoing quality levels. 
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Logic Assignments BitO Bitl 

AGC Acquire 

AGCHoid 1 

Gain Set 1 

Input Clamp 1 1 



ORDERING GUIDE 



Model 

AD890JQ 
AD890JP 



Package 

24-Pin Cerdip 
28-Pin PLCC 



Package 
Options* 

Q-24 
P-28A 



*See Section 16 for package outline information. 



ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage ±7.5V 

RF Gain Stage Differential Input Voltage ±5.6V 

Storage Temperature Range 

AD890JP, AD890JQ -65°Cto + 150°C 

Operating Temperature Range ^ 

AD890JP, AD890JQ to + 70°C 

Lead Temperature Range (Soldering 60sec) + lpO°C 

"%\.. I 

•28-pin PLCC package: OJa = 100°C/W; „„ %Jki ■■ 

24-pin cerdip package: QJ^ =80°C/W. '$h/% ''^ 

♦Stresses above those listed under "Absolute';(^a^|)iu^!'^Rafegs" ,^ay cause 
permanent damage to the device. Tfais U %^,|^rl&s rajjpijg o|||^, and 
fimctional operation of the device ft;liie% of?, any other c^^^pA^^.0Qvt 
those indicated in the op,p|-a^al'^'',s^i(^s of lY^^^^'^ci^^^ 'is not 
implied. Exposure to absoii^|e |aai>E^um rating, c^diti^gi^llfor extended 
periods may affect d?;viC(Sfi:eliab3|tyi"' ,, ', ''Iw '^'hifl^^ 

,'- ,- -' '■, , '4"'IA.., 

'%f ^ .„ U ' r„ '-'\ % 

CONN^CTIOI^ BIA^R^g 

24-Pin Cerdip Package 28-Pin PLCC Package 



SAMPLE- 
AND-HOLD 
CAPACITOR 



TO |T 
iET [!"-»■ 

E- 
»E-1 
'E 
.E 
,E*- 
•E- 
'E — 
=E- 



VARIABLE 

GAIN 
AMPLIFIER 



AGC 

CONTROL/ 

SAMPLE-AND- 

HOLD 




EXPONENTIATOR 



FULL 

WAVE 

RECTIFIERS 



JTl 



'V^: 






1771 POSITIVE 
I INPUT 

S NEGATIVE 
INPUT 

S POSITIVE 
OUTPUT 

• "in NEGATIVE 
Z_} OUTPUT 

"Z] ANALOG 
Zll GROUND 

19] +5Vdc 

POSITIVE 
INPUT 

.171 NEGATIVE 
JU INPUT 

. TTI POSITIVE 
ill OUTPUT 



NEGATIVE 
OUTPUT 

-3 



POSITIVE 
INPUT 

NEGATIVE 
INPUT 




NC = NO CONNECT 
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Applying the AD890 



GENERAL LAYOUT REQUIREMENTS 

Almost 60dB of total gain is available at lOOMHz. Care must be 
taken to ensure good RF practice in the PC layout to avoid 
oscillations in the 150MHz-350MHz region. A parallel combination 
of 0.1|jlF and 0.01 |jlF ceramic bypass capacitors should be used 
as close to the supply pins as possible. 

Additionally, a single pole RC filter applied at the input of each 
stage, with a cut off in the region of lOOMHz- 150MHz, will 
help avoid oscillation problems. As a general rule, keep the 
connections to interstage components as short as possible; it is 
also recommended that any low pass filtering function which 
may be required by the system be performed between the VGA 
stage and the first X4 buffer amplifier. A ground plane should 
be used to surround any interstage components wherever possible. 
If these simple rules are followed, stable operation should be 
assured. 

BIASING THE RF GAIN STAGES 

The VGA Stage 

The 30dB variable gain stage is biased at a potential of one 
diode drop above analog ground. No additional dc bias is required,, . 
but ac coupling is necessary. The bias voltage is maintained "■/; '» 
during normal operation and during operation of the cl^m;^;;|n ■ , 
order for the clamp to operate correctly with an emittc^r fpilots^r' 
driven input, 5011-10011 resistors should be |)l^€;ed ii|°^erie& with 
the input coupling capacitors. These resistf^tis c^„b^ tt4ed in,. ' ; ; 
conjunction with a 5.1pF shunt cap^j^itor t^fliip^t the inpi^t y ' 
bandwidth to 150MHz. In the ca^ of rati .open colle©J:cit driven - 
input with resistive termination, jjo ad<JationaL^ries resistors 
are required. ,, ■,.;,;, 

The differential outputs have a nominal dc V^lue of 1.5 V le§s 
than the positive supply. Internal 1300ft resistors provide bi^ 
current to the output emitter followers which operate with 2.7mA 
nominal current. Output drive can be increased by an additional 
2.5mA by paralleling external resistors to either the analog 
ground or the negative power supply. However, caution should 
be exercised in order to avoid causing excess dissipation for the 
package. The recommended output level for the VGA is 300mV 
p-p differential into 20011 loads. 

The X4 Buffers 

The inputs of these stages have no committed dc biasing, and 
an input bias current path must be provided. This path can 
normally be supplied via shunt resistors to analog ground which 
are generally part of the interstage filter termination networks. 
The inputs can be biased successfully within ± 1.5 V of analog 
ground. 

Output drive can be increased in a similar manner to that described 
for the VGA stage. The nominal dc output level is 2.5V with 
the internal 50011 load resistors connected to analog ground 
which provides a nominal standing current of 5mA to the output 
emitter followers. This current can be increased by up to an 
additional 5mA by paralleling external resistors to either analog 
ground or the negative power supply. As before, precautions to 
limit excessive overall power dissipation apply when steps are 
taken to increase the output drive capability. 



OPERATING THE FULL WAVE RECTIFIERS 

The full wave rectifiers consist of two nearly identical stages. 
Full wave rectification is performed in each stage using two 
transistors whose emitters are connected together. The inputs to 
the two full wave rectifiers are biased at one diode drop above 
analog ground; therefore, ac coupling is recommended. The full 
wave rectifier outputs - "AGC Rectifier" and "Qualifier 
Threshold" - are connected directly to these commoned emitters. 
Thus, the normal output voltage with zero input signal applied 
is close to analog ground. The "AGC Rectifier" pin allows 
access to the output of the rectifier which drives the AGC sample- 
and-hold section of the AD890. The "QuaUfier Threshold" pin 
allows access to the output of the threshold rectifier. 

The AGC rectifier has an internal 2kn resistive pull-down 
connected between analog ground and the negative power supply 
pin. The threshold line has no built in pull-down, in order to 
allow for a pea|s hold capability during thresholding. If a well 
controlled i!%^j(||er offset is required, an external 4k{l pull-down 
resistof fatiihe *'^i!pualifier Threshold" pin is recommended and 
wili pro^dBsi nominal lOmV offset. 

;THE AGO Sl^MPLE-AND-HOLD 

The AG0 ^pif3f|^&nd-hold section performs averaging of the 
in^ut wa?efohn to set the RF average output level to 200mV 
Mii^jgle ^a(ed, or 330mV peak for a sinusoidal signal. Thus, 
, t^fhout a peak hold capacitor at the "AGC Rectifier" pin, accurate 
?; AGC operation only occurs with sinusoidal input signals. An 
^j^proMmp.^ 2mA pull-down current is permanently present at 
th^ "AGC Rectifier" pin, and a capacitor may be added here to 
provide a degree of peak hold for AGC operation within non- 
sinusoidal fields. A capacitance value of less than 0.03|xF or less 
per |JLS of transition spacing is recommended. The addition of 
the capacitor alters the symmetry of the attack and decay rates 
of the rectifier, which is otherwise symmetric in operation. In 
order to ensure that the overall AGC response is the same for 
both high-to-low and low-to-high input level steps, it is necessary 
to make the rectifier attack and decay times at least a factor of 
two less than the AGC response time. 

The AGC acquire time is approximately l|xs per lOOOpF of hold 
capacitor. A low leakage variety of hold capacitor, such as a 
silver mica, is necessary to ensure low droop rates. The "Gain 
Set" pin should be tied to analog ground if not used, in order to 
prevent excessive leakage which would otherwise affect the hold 
performance. 

The AGC control potential is present at the "Sample-and-Hold 
Capacitor" pin. If control over open-loop gain is desired, based 
on AGC control potentials obtained during trial AGC operations, 
a FET input op amp should be used to buffer this node in 
order to avoid disturbing the hold operation. 
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USING THE AD890 AS A PROGRAMMABLE GAIN 
AMPLIFIER 

The AD890 is ideally suited for use as an accurate video pro- 
grammable gain amplifier. If the X4 buffers are utilized with 
the variable gain amplifier, nearly 60dB of total gain is available 
at frequencies up to lOOMHz. The VGA gain and exponentiator 
scale factors are trimmed with respect to dc control potentials 
applied to the "Gain Set" pin. In this mode of operation (see 
Logic Assignments for bit pattern to be applied to the "Bit 0" 
and "Bit 1" pins), a OV dc potential applied to the "Gain Set" 
pin will produce a nominal VGA gain of 30dB. With an additional 
12.75dB from each X4 buffer, total nominal gain is 55dB. Each 
20m V increment of voltage applied will produce a IdB reduction 
in gain. A simple equation can be used to calculate the nominal 
gain of VGA in this mode: 

VGA Gain (dB) = (30 - Vgain set x 50) 

where Vqain set is in volts. 

OPERATION WITH + 5V, + 12V SUPPLIES ^^ 

Operation with + 5V ( ± 0.25V) and + 12V ( ± 1.2V) supph^ ^ % 
readily achieved. Figure 1 shows the AD890 configured f6|/ 
+ 5V, + 12V operation. The analog and digital grou|t^^|i|||i 



'% 



connected to the + 5V line or to an available center tap of the 
+ 12V supply. Thus connected, a current of approximately 
30mA will flow in this line under normal operation. The input 
clamping action occurs with respect to this line, increasing its 
current by an additional 12mA or so. 

Both the + 5V and + 12V supplies should be RF bypassed to 
ground with at least two capacitors: values of 0.1|xF and 0.01 |xF 
are recommended. In addition, some higher level of decoupling 
capacitance such as 3.3|xF value may be desirable. Next, insert 
a series-connected 6.811 1/4W resistor and 100mA diode in 
series with the + 12V supply. This helps to reduce overdissipation 
in the chip. 

Power supply decoupling should occur on the circuit side of the 
resistor-diode network. A second diode can be substituted for 
the 6.811 resisto||if the voltage difference between the two supplies 

is greaterjJilS|J6 volts. 

Fipallylito^te coti'trol is achieved by using open collector drivers 
s as shown; 5.1V Zener diodes can be substituted 
isiMors ]^| and R2. Internal diode clamping in the AD890 
its tfe m^4e Qf operation. 

Th|^'liEiod|«;Swll€hing times will be affected by resistor values 




i^fnpi^llfs is due to the RC time constants formed by the 
*i'*'p '% f^jstets in conjunction with the input capacitance of the chip 

lHjEq|lATlNG WITH THE AD891 RIGID DISK DRIVE 
DA%A tiUALIFIER 

Mgure 2 shows a typical application using the AD890 and AD891 
connected together to create a 30MHz channel (cerdip connections 
shown). This circuit includes a 5-pole 30MHz Gaussian-to-6dB 
transitional filter plus a second-order RLC time domain equalizer. 
A typical second-order, fully differential, passive delay-line 
differentiator interface for the AD891 is also included. (For a 
more detailed description of the delay-line differentiator, see the 
AD891 data sheet.) The analog and digital grounds should be 
connected at the power supply common. 



Figure 1. AD890 Connection for +5V, + 12V Operation 
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50 MHz - 3dB POINT 
5TH ORDER GAUSSIAN-T0-6dB 



40 nS PW50 
RLC EQUALIZER 




Figure;^. TypicBl ADSSO/AOBBf Connection for a 30MHz Channel 



USING EQUALIZERS WITH THE ADa90 

The AD890 is ideal for applications where equaii^tion is, em*; ' 
ployed. The X4 buffer output drivers are designed to operate 
into 20011 loads, making tapped delay-line designs easy. Suiil 
and differencing of different tap weights can be achieved by 
simple resistive dividers. 

As an alternative, a simple RLC network can be implemented to 
provide a low-cost, fully differential alternative to the three-tap, 
tapped delay-line equalizer which often is used for pulse slimming. 
Essentially, the equalizer shown in Figure 3 consists of an RC 
lattice, which provides the magnitude characteristic, together 
with an LR shunt section which acts to define the overall passband 
group delay and the ratio of minimum to maximum gains within 
the passband. 



Skll 2 
1 Ikll ] Ikll 




^'"^r^^ 



1 Ikll 




Figure 3. RLC Equalizer 

The network shown approximates a function of the form: 

F(cot) = 1 -k cos COT, where k= 0.6, and t = 36ns. 

The circuit is optimized for a 120ns transition PW50. Altering 
the 953n resistor and the 24|xH inductor can change both k and 



T, permitting cylinder dependent equalization to be performed, 
thus minimizing problems of overequalization. To alter k, the 
ratio of the 1.1 kO and 95311 resistors should be changed. To 
alter t, the reactive element should be scaled proportionally. 
The equalizer in Figure 2 is optimized for k = 0.6 and 
T = 12ns. 

It is important to note the benefits of fully differential (as opposed 
to single-ended) operation: 1) reduced harmonic distortion due 
to symmetric operation; 2) improved power supply noise rejection; 
3) less insertion loss, allowing for reduced gain and, hence, 
improved distortion in stages prior to the equalizer. 

CHOICE OF LOW PASS FILTER WITH THE 
RECOMMENDED EQUALIZER 

A fifth order, Gaussian-to-6dB transitional filter is recommended 
for use with the equalizer. Such a low pass filter is shown in , 
Figure 4. Low group delay ripple and high out-of-band rejection 
make this design work well with the recommended equalizer 
and the differentiator specified in the AD891 data sheet. The 
recommended location for the low pass filter is between the 
VGA and first X4 buffer. The equalizer should be placed between 
the first and second X4 buffers. This minimizes the potential 
for oscillations induced by interstage parasitic feedback. 




Figure 4. 5th Order Gaussian-to-6dB Transitional Filter 
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ANALOG 
DEVICES 



Rigid Disk Data 
Cliannel Qualifier 



AD891 



FEATURES 

Three Matched, Offset-Trimmed Comparators 

3.1ns (typ) Comparator Propagation Delay 

ECL Logic Permits 50iVlb/s Transfer Rates 

6.8ns Delay (typ) from Inputs to Data Output 

500ps (typ) Additional Pulse Pairing 

Temperature-Compensated Operation 

Compatible with lOkH ECL Logic 

Two Temperature-Compensated One-Shots 

One-Shot Periods Set Using External Resistors 



AD891 FUNCTIONAL BLOCK DIAGRAM 






LEVEL] 
IN 



ee[T 



PRODUCT DESCRIPTION ^^ % %^!; 

The AD891 disk channel qualifier is intended as a cor^pa^^^l^^' % 
chip to the AD890 wideband channel processor. T<^gi§fer||t%:^ 
comprise a sophisticated package, capable of Efecovei^gbiilary 
information from differentiating channels.J<^ith IJ^^ ^^^^V''^ 
excess of 50 megabits per second. t|, ''(f^ "'■''^ 

The AD891 provides both lev^ a^d ^e*domain <|]dalificl|iori: 
Level qualification is performedlon alternaitii^ half i^qfe of the J^., 
data waveform using a user-defined thres&pldlteyj^ whiclpsi;!^, 1;/ .j*^ 
applied to each of two 3.1ns propagation d^^y comparat^s. '-f J 
This technique prevents single bit errors from being propa^ted 
into two bit errors. A third comparator is used to provide zero- 
crossing detection. Factory trimmed offsets and a careful internal 
layout ensure symmetric operation and low pulse pairing with a 
differential input waveform. 

An external RLC passive delay-line differentiator should be 
used with the AD891; the design for a typical network is specified 
in detail in the applications section of this data sheet. The use 
of an external network permits equal delay times through both 
the differentiated and undifferentiated signal paths, thus ensuring 
correct centering of the quaUfication windows. Using the recom- 
mended external network also helps ensure optimal signal passband 
flatness and dispersion. 

The outputs from the amplitude-qualification comparators are 
applied to the "D" inputs of two master-slave D-type flip-flops 
which are then clocked by the outputs from the zero-crossing 
comparator. Each valid zero-crossing event causes a one-shot 
with a user-definable period to be triggered. This disables the 
operation of the flip-flops, thus preventing the detection of 
additional zero-crossing events during the one-shot period. 



DiGiTALrr 
;l?AfA-[T 



ZERO 

CROSSING 

COMPARATOR 



POSITIVE HALF 
COMPARATOR 



AD891 



<ri_ 



D 
RESET 



NEGATIVE HALF T" 

ei;MtlPARAT0R I J- 



Vi, 



TIME 
DOMAIN 
ONE-SHOT 



CK 
Q 
RESET 



OUTPUT 
ONE-SHOT 



LEVEL 
IN-t- 

-^AMP-I- 

TTI DIGITAL 
^^1 GND 

^Vcc 

•3 



"71 FILTER 
^° I TIME SET 

I OUTPUT 
I PULSE SET 



^m^ftltaiieously, an output one-shot is activated, the leading 
f dge of which is synchronous with the change in the flip-flop 
ou|;pu|^. ,3ffie period of this one-shot is also user-definable and is 
iiiitend^t6 ensure adequate output pulse duration for transmission 
witj^tin the external environment. Each one-shot requires a single 
-pietal-film resistor to set its period. All one-shots have trimmed 
pulse periods; temperature stability is maintained by the use of 
an internal bandgap reference. 

The AD89rs internal logic consists of temperature-compensated 
reduced-swing ECL which exhibits typical propagation delays of 
600ps per gate. The output data conforms to standard lOkH 
ECL logic levels. The AD891 can drive a properly terminated 
75n transmission line. 

The AD891 is specified to operate over the commercial (0 to 
+ 70°C) temperature range. It is available either in a 14-pin 
cerdip package or in a 20-pin PLCC package. 

PRODUCT HIGHLIGHTS 

1. When paired with the AD890 wideband channel processor, 
data can be recovered in excess of a 50 Mb/s rate. 

2. Comparators have 3.1ns typical propagation delay. 

3. lOkH ECL logic compatible. 

4. 500ps typical additional pulse pairing through chip. 

5. Two internal, temperature-compensated one shots. 

6. Features both amplitude and time-delay qualification. 
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SPECIFICATIONS 



> + 251; and ± 5V dc, unless otherwise noted) 



Model 






AD891J 








Conditions 


Min 


Typ 


Max 


Units 


COMPARATOR SPECIFICATIONS 












Propagation Delay 


20mV Overdrive 




3.3 




ns 




200mV Overdrive 




3.! 




ns 


Comparator Mismatch 








300 


ps 


Input Offset Voltage 






0.25 


1.0 


mV 


Noise Induced Offset Voltage 


10^ Error Rate 




±300 




yyX 


Input Offset Current 






100 




nA 


Input Bias Current 






1.3 




|xA 


Open-Loop Gain 


f = lOMHz 




66 




dB 


Input Resistance 


Differential 




500 




kO 


Input Common-Mode Range 


Referred to Digital GND 


-1.5 




+ 2.2 


V 


INTERNAL LOGIC SPECIFICATIONS 












Logic"!" Level 




..,; 


-0.75 




V 


Logic "0" Level 






-1.4 




V 


Rise Time 






1.2 




ns 


Fall Time 


''$'h" 


/'' '' 


1.0 




ns 


D-Type Flip- Flops 


,. '-'■'■'■ '%Ch, 










Clock -Q Delay 






1.3 




ns 


Clock -Q Delay 




* 1.2 




ns 


Reset -Q Delay 


-^f4%*"';. f" 


' , ■■' 


0.6 




ns 


Reset -Q Delay 


1^ %,.%'^^ ''iS^%..:. 




0.55 




ns 


ONE-SHOT SPECIFICATIONS <:'; 












Resistor Scaling^ *;>^'% % 
Pulse Duration , :tii% %!f%'*^ 

Resistor Range % 




fc3.!RsET 

;' -;9 
97 
39 
0.75 


100 

42 


180 
103 
45 

56 


ns 
ns 
ns 
kn 


EXTERNAL LOGIC SPECIFICATIONS^ 


Tj=+25°&^^ 










Output Logic"!" 






-0.85 




V 


Output Logic "0" 






-1.85 




V 


Rise Time 






1.4 




ns 


Fall Time 






1.2 




ns 


DATA THROUGHPUT SPECIFICATIONS 












Propagation Delay^ 


Differentiator Input 












to Data Output 




6.8 




ns 


Additional Pulse Pairing"^ 


200mV Overdrive 












5ns Input Rise Time 




500 


1000 


ps 


Max Transfer Rate 




50 






Mb/s 


Min Transfer Rate^ 








1 


Mb/s 


POWER SUPPLY REQUIREMENTS 












Rated Performance 






±5.0 




V 


Operating Range 




±4.65 




±6.8 


V 


Quiescent Current 


A min ^0 1 max 










Vcc 




15 


23 


35 


mA 


Vee 




55 


68 


85 


mA 



NOTES 

'One-shot pulse in ns; Rset specified in kVt. 

^Logic specifications obtained for the "Data + " and "Data - " outputs using Ikft pull-down resistors tied to Vee and 10011 resistors 

connected to - 2V. 

^Propagation delay is measured from the zero-crossing comparator input to the "Data + " output with 200mV overdrive. 
'^Measurements were performed using a ± lOOmV square wave having a rise time under 5ns; this was applied to the input of the 

zero-crossing comparator. The resultant pulse pairing is the difference in delay times for two consecutive output pulses. 
^The minimum transfer rate is limited only by the maximum recommended one-shot period of 1 80ns. 
Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to 
calculate outgoing quality levels . All min and max specifications are guaranteed , although only those shown in boldface 
are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage ±7.5V 

Comparator Differential Input Voltage ±5.6V 

Storage Temperature Range P,Q -65''Cto +150X 

Operating Temperature Range^ 

AD891P, AD891Q to +70°C 

Lead Temperature Range (Soldering 60sec) + 300°C 



NOTES 

'Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational section of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

^20-pin PLCC package: 8ja = + 70°C/Watt; 
14-pin cerdip package: 0ja= + 105°C/Watt. 



PIN CONFIGURATIONS 



14-Pin Cerdip (Q) Package 



20-Pin PLCC (P) Package 



-E 



LEVEL] 
IN 



DIGITALI 
GND 



[I 

/ip-fT 

VeeQ" 

[I 



POSITIVE HALF 
COMPARATOR 



ZERO 

CROSSING 

COMPARATOR 



h. 



NEGATIVE HALF 
COMPARATOR 



D 
RESET 



LP" 



TIME ^ 
DOMAIN *^ 
ONE-SHOT 



CK 
Q 
RESET 



0LEVE 
IN + 

13] AMP 



5UTPUT' ^-^ 



OUTPUT' 
ONE-SMOT 



DIGITAL 
GND 



^ 



V^ 



3 FILTER 
TIME SET 



3 



OUtPUT 
PULSE SET 



♦ "si 



LEVEL r 
IISI- 



LEVEL 
DIFF- DIFF+ NC IN+ AMP -( 

m ryi Fi R R 




ONE-SHOT *— , 



UJ y H H H 

DIGITAL DATA- DATA+ NC OUTPUT 
GND PULSE SET 



ORDERING GUIDE 

Model No . Package Option* 

AD891JQ Cerdip (Q-14) 
AD891JP PLCC(P-20A) 

*See Section 16 for package outline information. 
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Applying the AD891 



THEORY OF OPERATION 

The AD891 consists of three comparators, two D-type flip-flops, 
an internal bandgap reference and a pair of externally adjustable 
one-shots. Two comparators are used to provide data amplitude 
qualification, and the third acts as a zero-crossing detector when 
used with an external passive differentiator circuit. (Refer to the 
AD891 block diagram and Figure 2.) 

Figure 2 illustrates the operation of the AD891, using the re- 
commended passive delay-line differentiator described in the 
following section. Sequence "A" represents the pattern written 
on the disk, where a logic "1*' is a change in magnetic state. 
Each change in magnetic state results in an output pulse. The 
analog input to the AD891 consists of a sequence of alternating 
pulses "B." The data pattern shown is worst case for a 1-7 code 
input. "C" represents the output waverform from the external 
differentiator, such that the points at which zero-crossings occur 
correspond to the peaks of the analog input "B." Sequence "D" 
shows the output from the zero-crossing comparator. Changes in 
state of this output are used to clock the two internal D-type 



flip-flops. The flip-flops are enabled using the output "E" from 
the positive and negative threshold comparators, such that the 
flip-flop outputs change state only when the analog input exceeds 
the programmed threshold levels (positive or negative). When 
the threshold levels are exceeded and a zero-crossing event 
occurs, the flip-flops change state, producing an output pulse 
"F." The duration of this pulse, seen at the Data + /Data - 
outputs, is set using an external resistor, as is the internal time-out 
which is used to prevent noise induced retriggering. The final 
output data sequence is shown in "G." As can be seen, despite 
inflections in the analog input, the data is correctly detected and 
the output is a time-shifted version of the write data. 

Since the 1-7 code input is the most demanding of the popular 
encoding schemes to quahfy, the AD891 is clearly suitable for 
other codes, such as MFM and 2-7. The recommended time 
domain filter one-shot period for MFM and 1-7 code is equal to 
75% of ifhc bit <Sell clock period. For 2-7 code the one-shot 
period <^ be increased to 150% of the bit cell clock period. 



WRITE DATA 

POSITIVE 
ANALOG INPUT THRESHOLD 

TO AD891 NEGATIVE 4. 4 _ |^ 

THRESHOLD 



DIFFERENTIATOR 

OUTPUT 

(INPUT TO ZERO-CROSSING 

COMPARATOR) 




ZERO-CROSSING 
COMPARATOR OUTPUT 



:¥ 



Tiixirxzr: 



"D" 



THRESHOLD COMPARISON 

OUTPUTS 



Tjon 



jnxLxiuiz - 



AD891 OUTPUT 
(DATA -{-/DATA -) q 

OUTPUT DATA 






lULTL 



jonuizi 



01010000000 10100 101 "G" 



I UNKNOWN 
I STATE 



Figure 1. AD891 Operation for Worst Case 1-7 Code Pattern 
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DESIGN CONSIDERATIONS 

In designing a suitable passive delay-line differentiator, either 
the fully differential (Figure 2a) or single-ended (Figure 2b) 
configuration can be used. The equations governing component 
selection for both connections are as shown. 

If the single-ended configuration is employed, then the inputs to 
the negative half-cycle comparator need to be biased such that 
the comparator is turned off. This can be accompUshed by 
placing the "Amp - " input at a potential at least lOOmV more 
negative than the "Level In - " input. The "Amp - " pin may 
be connected to the "Vee" pin and the "Level In - " pin may 
be connected to the "Digital GND" pin, provided that the 
potential difference does not exceed 5.6 volts, which is the 
absolute maximum differential input rating of the device. 

Good RF layout practice should be obeyed, with decoupling 
networks of 0.1|jlF in parallel with 0.01 |xF at both the "Vcc" 
and "Vee'* pins. A ground plane should be used extensively. 
Two digital grounds are suppUed: Pin 12 is for the internal logic 
while Pin 5 is provided for the "Data" outputs only. (These 
pins are for the cerdip package; the corresponding PLCC package 
pins are 17 and 9, respectively.) The filter time and output 
pulse setting resistors should be tied, as directly as possible, to 
the "Digital GND" pin. 



The "Data - " and "Data + " pins require pull-down resistors to 
"Vee" as per normal practice in ECL. The use of 30kn resistors 
connected between the "Filter Time Set" and "Output Pulse 
Set" pins and digital ground will produce a nominal 100ns one- 
shot period; lOkft resistors will nominally produce 42ns one-shot 
periods. The timing of the two one-shots may be set 
independently. 

For best performance, the three input comparators should be 
operated at a common-mode potential close to digital ground. 
The digital ground should be connected to the analog ground as 
near to the power supply as possible to minimize noise injection. 

INTEGRATING WITH THE AD890 WIDEBAND 
CHANNEL PROCESSING ELEMENT 

Figure 3 shows a typical application using the AD891 and AD890 
connected together to create a 30MHz channel (cerdip connections 
shown). This circuit includes a 5-pole 30MHz gaussian-to-6dB 
transitional filte^plus a second-order RLC time domain equalizer. 
The fully diff«|:^tial passive delay-line differentiator previously 
discuss^ i§ also ipcluded. The analog and digital grounds should 
be amn6($!td, only to the power supply common. 



^/ 



^COUPLING 

-Hh- 



NTAIL 
IT 

\ 






' posmxfE 



, , , HA|,F-C¥f?tE 



ANALOG GND - 



CcOUPLING 

— HI — 



Co 



NEGATIVE 
HALF-CYCLE 
COMPARATOR 






AA_J 



TO POSITIVE HALF-CYCLE 
LEVEL IN + COMPARATOR 



ANALOG GND •«— 



THRESHOLD •«■ 




Figure 2b. Single-Ended Configuration of Passive 
Delay-Line Differentiator 



Figure 2a. Fully Differential Configuration of Passive 
Delay-Line Differentiator 



RECOMMENDED COMPONENTS 



fo 



Cr 



f = 



1.5 Times the 
Maximum Desired 
Differentiated 
Frequency 



Rj) Minimum Value: 1200 
150n or Greater is Recommended 



1.3 (Best Magnitude Response) ^K ^1.7 (Best Group Delay Response) 
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50 MHz - 3dB POINT 
5TH ORDER GAUSSIAN-TO- 



40 nS PW50 
RLC EQUALIZER 




TTL MODE 

CONTROL 

BITS 



Figure 3. Typical AD890/AD89 1 Conh^^tion for a 30MHz Channel 



OPERATION WITH +5V, +t?V SUPPLIES 
Operation with + 5V (± 0.25V) and + 12V (± IjV) supplies is 
readily achieved. The digital ground pins must be connected to 
the + 5V line or to an available center tap of the + 12V supply. 
The specified output ECL logic levels are therefore referred to 
the + 5V supply. Pull-down resistors for the "Data + " and 
"Data - " pins should be connected to Vee- Thus connected, a 
current of approximately 23mA will flow in the + 5V supply 
under normal operation. 

In order to ensure correct comparator operation, a pair of 100mA 
diodes should be added in series with the + 12 V supply which 
is connected to the Vcc terminal. This connection is shown in 
Figure 4 (shown for cerdip package). 

Both the + 5V and + 12V supplies should be RF bypassed to 
ground; the values of 0.1|jlF and 0.01 |xF in parallel are recom- 
mended. In addition, some higher value of decoupling capacitance 
- such as 3.3|xF - may be desirable. This decoupling should be 
applied directly at the AD891 "Vcc" and "Digital GND" pins. 
Finally, the common-mode range for the comparators is now 
referred to the + 5V supply line, and care must be taken to 
operate within the common-mode limits. 



OlfjiFIZI OOlfAF 



oinF -"•QoyF 




f O DATA + 



Figure 4. AD892 Connection for +5V, + 12V Operation 
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ANALjOG 
DEVICES 



Digitally Programmable 
Delay Generator 



AD9500 



FEATURES 

lOps Delay Resolution 

2.5ns to 100|jis+ Full-Scale Range 

Fully Differential Inputs 

Separate Trigger and Reset Inputs 

Low Power Dissipation - 310mW 

APPLICATIONS 

ATE 

Pulse Deskewing 

Arbitrary Waveform Generators 

High-Stability Timing Source 

Multiple Phase Clock Generators 



AD9500 FUNCTIONAL BLOCK DIAGRAM 



RESET 
RESET 



■R 



DIFFERENTIAL 
ANALOG 
INPUT 
STAGE 



ECL 
VOLTAGE 
REFERENCE 




INTERNAL DAC 



j_r 



TTL LATCHES 






Di D2 D3 D4 D5 Og 



GENERAL DESCRIPTION 

The AD9500 is a digitally programmable delay generator, which 
provides programmed delays, selected through an 8-bit digital 
code, in resolutions as small as lOps. The AD9500 is constructed 
in a high-performance bipolar process, designed to provide 
high-speed operation for both digital and analog circuits. 

The AD9500 employs differential TRIGGER and RESET inputs 
which are designed primarily for ECL signal levels but fimction 
with analog and TTL input levels. An on-board ECL reference 
midpoint allows both of the inputs to be driven by either single 
ended or differential ECL circuits. The AD9500 output is a 
complementary ECL stage, which also provides a parallel Qr 
output circuit to facilitate reset timing implementations. 

The digital control data is passed to the AD9500 through a 
transparent latch controlled by the LATCH ENABLE signal. In 
the transparent mode, the internal DAC of the AD9500 will 
attempt to follow changes at the inputs. The LATCH ENABLE 
is otherwise used to strobe the digital data into the AD9500 
latches. 

The AD9500 is available as an industrial temperature range 
device, - 25°C to + 85°C, and as an extended temperature range 
device, - 55°C to + 125°C. Both grades are packaged in a 24-pin 
ceramic "Skinny" DIP (0.3" package width), as well as 28-pin 
surface mount packages. Contact the factory for MIL-STD-883, 
revision C, qualified devices. 



PIN CONFIGURATIONS 




19 ECL COMMON 



NO CONNECT 



ORDERING INFORMATION 



Device 


Temperature Range 


Description 


Package 
Options* 


AD9500BP 
AD9500BQ 
AD9500TE 
AD9500TQ 


-25°Cto+85°C 
-25°Cto+85°C 
-55°Cto + 125°C 
-55°Cto + 125°C 


28-Pin PLCC (Plastic), Industrial Temperature 
24-Pin "Skinny" DIP, Industrial Temperature 
28-Pin LCC, Extended Temperature 
24-Pin "Skinny" DIP, Extended Temperature 


P-28A 
Q-24 
E-28A 
Q-24 



*See Section 16 for package outline information. 
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SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS^ 

Positive Supply Voltage ( + Vs) +7V 

Negative Supply Voltage (-Vs) -7V 

ECL COMMON to Ground Differential .. - 2.0V to + 5.0V 

Digital Input Voltage Range -3.5V to +5.0V 

Trigger/Reset Input Voltage Range ±5.0V 

Trigger/Reset Differential Voltage 5.0V 

Minimum Rset 220n 

Digital Output Current (Q and Q) 30mA 

Digital Output Current (Qr) 2niA 



Offset Adjust Current (Sinking) 4mA 

Power Dissipation ( + 25°C Free Air)^ 2.62W 

Operating Temperature Range 

AD9500BP/BQ -25*'Cto +85*'C 

AD9500TE/TQ -55Xto +125°C 

Storage Temperature Range -65Xto +150X 

Junction Temperature + 175''C 

Lead Soldering Temperature (lOsec) +300°C 



ELECTRICAL CHARACTERISTICS (suppiy voltages + v, = +5ov, -v, 

unless otheiwise Stated) 



- 5.2V; Cext = OpF; Rset = 500a 











Industrial 






Military 








Mil' 






--25Xto+85°C 






-55Xto+125X 








Sub 






AD9500BP/BQ 






AD9500TE/TQ 






Parameter 


Group 


Temp 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


RESOLUTION 






8 


8 


Bits 


ACCURACY'* 




















Differential Linearity 


7 


+ 25°C 






0.5 






0.5 


LSB 


Integral Linearity 


7 


+ 25°C 






1.0 






1.0 


LSB 


Monotonicity 


7 


+ 25°C 




Guaranteed 






Guaranteed 






DIGITAL INPUT 




















Logic"!" Voltage 


7,8 


Full 


2.0 






2.0 






V 


Logic "0" Voltage 


7,8 


Full 






0.8 






0.8 


V 


Logic"!" Current 


1,2,3 


Full 






5 






5 


^A 


Logic "0" Current 


1,2,3 


Full 






5 






5 


y.A 


Digital Input Capacitance 


12 


+ 25°C 






5.5 






5.5 


pF 


Data Setup Time^ 


12 


+ 25°C 




0.4 


0.75 




0.4 


0.75 


ns 


Data Hold Time^ 


12 


+ 25°C 




0.4 


0.75 




0.4 


0.75 


ns 


Latch Pulse Width (tLPw) 


12 


+ 25°C 


3.0 






3.0 






ns 


RESET/TRIGGER INPUTS^ 




















TRIGGER Input Voltage Range 




Full 




-2.5;4.5 






-2.5;4.5 




V 


RESET Input Voltage Range 




Full 




-2.5;2.0 






-2.5;2.0 




V 


Differential Switching Voltage 


7,8 


Full 




40 


300 




40 


300 


mV 


Input Bias Current 


1 


+ 25°C 




40 


50 




40 


50 


iLA 




2,3 


Full 






75 






75 


M.A 


Input Resistance 




+ 25"'C 




4 






4 




ka 


Input Capacitance 


12 


+ 25°C 




6.5 


7.25 




6.5 


7.25 


pF 


Minimum Input Pulse Width 




















(tTPWj tRPw) 




+ 25°C 




2.0 






2.0 




ns 


DYNAMIC PERFORMANCE^ 




















Maximum Trigger Rate 


12 


+ 25°C 


100 






100 






MHz 


Minimum Propagation Delay (tpo)^ 


4 


+ 25°C 


5.4 


6.4 


7.4 


5.4 


6.4 


7.4 


ns 


Minimum Propagation Delay TC^^ 




Full 




7.5 






7.5 




psrc 


FuU-Scale Range TC 




Full 




0.5 






0.5 




psrc 


Delay Uncertainty (Jitter) 




+ 25°C 




10 






10 




ps 


Reset Propagation Delay (tRo)^^ 


4 


4-25°C 


5.4 


6.4 


7.4 


5.4 


6.4 


7.4 


ns 


Reset-to-Trigger Holdoff (tTHo)^^ 


4 


+ 25°C 


0.2 







0.2 







ns 


Trigger-to-Reset Holdoff (tRHo)^^ 


4 


+ 25°C 


2.0 


1.5 




2.0 


1.5 




ns 


Minimum Output Pulse Width 




+ 25X 




3.3 






3.3 




ns 


Output Rise Time 


12 


+ 25°C 






2.0 






2.0 


ns 


Output Fall Time 


12 


+ 25°C 






2.0 






2.0 


ns 


Delay Coefficient Settling Time (tDAc)^"^ 




+ 25X 




29 






29 




ns 


Linear Ramp Settling Time (tLRs) 




+ 25°C 




22 






22 




ns 
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Industrial 


Military 






MU^ 




-25Xto+85X 


-55Xto+125X 






Sub 




AD9500BP/BQ 


AD9500TE/TQ 




Parameter 


Group 


Temp 


Min Typ Max 


Min Typ Max 


Units 


SUPPORT FUNCTIONS 












ECLref 


1 


+ 25°C 


-1.4 -1.3 -1.2 


-1.4 -1.3 -1.2 


V 


ECLref Voltage Drift^5 




Full 


1.1 


1.1 


mV/°C 


Offset Adjust Range 




Full 


-2 


-2 


mA 


DIGITAL OUTPUTS^ 












Logic"!" Voltage 


1,2,3 


Full 


-1.1 


-1.1 


V 


Logic "0" Voltage 


1,2,3 


Full 


-1.5 


-1.5 


V 


POWER SUPPLY 1^ 












Positive Supply Current ( + 5.0V) 


1 


+ 25^ 


24 28 


24 28 


mA 




2,3 


Full 


30 


30 


mA 


Negative Supply Current ( - 5 .2V) 


1 


+ 25°C 


37 42 


37 42 


mA 




2,3 


Full 


44 


44 


mA 


Nominal Power Dissipation 




+ 25°C 


312 


312 


mW 


Power Supply Rejection Ratio ^^ 












Full-Scale Range Sensitivity 


7 


+ 25°C 


70 300 


70 300 


psA^ 


Minimum Propagation Delay 












Sensitivity 


7 


+ 25° 


150 500 


150 500 


psA^ 



NOTES 
'Absolute maximum ratings are limiting values, to be applied individually, 

and beyond which serviceability of the circuit may be impaired. Functional 

operability under any of these conditions is not necessarily implied. 

Exposure to absolute maximum rating conditions for extended periods 

may affect device reliability. 
^Typical thermal impedance 

24-Pin Ceramic Oja = 56°C/W; Ojc = 16°C/W 

28-Pin PLCC (Plastic) 0ja = 60°C/W; Ojc = 22°C/W 

28-Pin Ceramic LCC Oja = 69°C/W; Bjc = 25°C/W 

^Military subgroups apply to military qualified devices only. 

'*RsET=10ka. (Full-scale delay = 100ns). 

^The digital data inputs must remain stable for the specified time prior to 

the LATCH ENABLE signal. 
*The digital data inputs must remain stable for the specified time after the 

LATCH ENABLE signal. 
''The TRIGGER and RESET inputs are differential and must be driven 

relative to one another. Both of these inputs are ECL compatible, but 

can also be used with TTL logic families in a limited fashion. 
^Outputs terminated through 5011 resistors to -2.0V. 



'Program Delay = O.Ops (Digital Data = OOh). In Operation, any 
programmed delays are in addition to the Minimum Propagation Delay. 

'^Measured from the 50% transition point of the reset signal input, to the 
50% transition point of the resetting output. 

' 'Minimum time from falling edge of RESET to triggering input, to insure a 
valid output event. 

'^Change in total delay through AD9500, exclusive of changes in minimum- 
propagation delay tpo- 

'^Minimum time from triggering event to rising edge of RESET, to insure a 
valid output event. 

''^Measured from the LATCH ENABLE input to the point when the 
AD9500 becomes 8-bit accurate again, after a full-scale change in 
the programmed delay. 

'^Standard lOK and lOKH ECL families operate with a l.lmV/°C 
drift by design. 

'^Supply voltages should remain stable within ± 5% for normal operation. 

'^Measured at ±5% of -Vs and +Vs. 

Specifications subject to change without notice. 



EXPLANATION OF GROUP A MILITARY SUBGROUPS 



Subgroup 
Subgroup 
Subgroup 


1- 

2- 
3- 


- Static tests at + 25°C. 

- Static tests at max rated operating temp. 

- Static tests at min rated operating temp. 


Subgroup 8 - 
Subgroup 9 - 


- Functional tests at max and min rated 
operating temp. 

- Switching tests at +25°C. 


Subgroup 
Subgroup 
Subgroup 
Subgroup 


4- 
5- 
6- 

7- 


- Dynamic tests at +25°C. 

- Dynamic tests at max rated operating temp. 

- Dynamic tests at min rated operating temp. 

- Functional tests at +25°C. 


Subgroup 10 - 
Subgroup 11 - 
Subgroup 12 - 


- Switching tests at max rated operating temp. 

- Switching tests at min rated operating temp. 

- Periodically sample tested. 
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FUNCTIONAL DESCRIPTION 



PIN NAME 

D4-D6 

DyCMSB) 

ECLref 

OFFSET ADJUST 
Cs 



T-ornn.Tj'D 



TRIGGER 



RESET 
RESET 

Q 
Q 

ECL COMMON 

-Vs 
Rs 

GROUND 
LATCH ENABLE 

Do(LSB) 
D3-D1 



DESCRIPTION 

One of eight digital inputs used to set the programmed delay. 

One of eight digital inputs used to set the programmed delay. D7 (MSB) is the most significant bit of 

the digital input word. 

ECL midpoint reference, nominally - 1.3V. Use of the ECLref? allows either of the TRIGGER or 

the RESET inputs to be configured for single-ended ECL inputs. 

The OFFSET ADJUST is used to adjust the minimum propagation delay (tpo), by pulling or 

pushing a small current out of or into the pin. 

Cs allows the full-scale range to be extended by using an external timing capacitor. The value of 

Cextj connected between Cs and + Vs, may range from OpF to 0.1|xF+ . See Rs (Cinternal 

= lOpF). 

Positive supply terminal, nominally +5.0V. 

Nonin verted input of the edge- sensitive differential trigger input stage. The output at Q will be 

delayed by the programmed delay, after the triggering event. The progranmied d elay is set b y the 

digital input word. The TRIGGER input must be driven in conjunction with the TRIGGER input. 

Inverted input of the edge-sensitive differential trigger input stage. The output at Q will be delayed 

by the programm ed delay, af ter the triggering event. The programmed delay is set by the digital 

input word. The TRIGGER input must be driven in conjunction with the TRIGGER input. 

Inverted input of the level-sensitive differential reset input stage. The output at Q will be reset 

after a signal is received at the reset inputs. In the "minimum configuration," the minimum output 

pulse width will be e qual to t he "reset propagation delay," tRD. The RESET input must be driven in 

conjunction with the RESET input. 

Nonin verted input of the level-sensitive differential reset input stage. The output at Q will be reset 

after a signal is received at the reset inputs. In the "minimum config uration," the minimum output 

pulse width will be equal to the "reset propagation delay," tRD. The RESET input must be 

driven in conjunction with the RESET input. 

One of two complementary ECL outputs. A "triggering" event at the inputs will produce a logic 

HIGH on the Q output. A "resetting" event at the inputs will produce a logic LOW on the 

Q output 

One of two complementary ECL outputs. A "triggering" event at the inputs will produce a logic 

LOW on the Q output. A "resetting" event at the inputs will produce a logic HIGH on the 

Q output. 

Qr output is parallel to the Q output. The Qr output is typically used to drive delaying circuits 

for extending output pulse widths. A "triggering" event at the inputs will produce a logic 

LOW on the Qr output. A "resetting" event at the inputs will produce a logic HIGH on the 

Qr output. 

The collector common for the ECL output stage. The collector common may be tied to + 5.0V, 

but normally it is tied to the circuit ground for standard ECL outputs. 

Negative supply terminal, nominally -5.2V. 

Rs is the reference current setting terminal. An external setting resistor, Rsetj connected between 

Rs and - Vs determines the internal reference current. See Cs (25011^Rset— ^OkO). 

The ground return for the TTL and analog inputs. 

Transparent TTL latch control line. A logic HIGH on the LATCH ENABLE freezes the digital 

code at the logic inputs. A logic LOW on the LATCH ENABLE allows the internal current levels to 

be continuously updated through the logic inputs Do thru D7. 

One of eight digital inputs used to set the programmed delay. Dq (LSB) is the least significant bit of 

the digital input word. 

One of eight digital inputs used to set the programmed delay. 




-Vs GROUND Do D, D2 D3 D4 D5 Dg D7 LATCH OFFSET 

(LSB) (MSB) ENABLE ADJUST 

AD9500 Functional Block Diagram 
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ts - DIGITAL DATA SETUP TIME 
tH - DIGITAL DATA HOLD TIME 
tLPW - LATCH ENABLE PULSE WIDTH 
toAc - INTERNAL DAC SETTLING TIME 
tpD - MINIMUM PROPAGATION DELAY 
tRD - RESET PROPAGATION DELAY 
to - PROGRAMMED DELAY 
tTPw - TRIGGER PULSE WIDTH 
tRpw - RESET PULSE WIDTH 
tTHO - RESET-TO-TRIGGER HOLDOFF 
tRHO - TRIGGER-TO-RESET HOLDOFF 



NOTE 

A TRIGGERING EVENT MAY OCCUR AT ANY TIME 

WHILE THE INTERNAL DAC (PROGRAMMED DELAY) 

IS BEING CHANGED. TRIGGERING EVENTS DURING THE 

INTERNAL DAC SETTLING TIME MAY NOT GENERATE AN 

ACCURATE PULSE DELAY. 



System Timing Diagram 



DIE LAYOUT 



D7 (MSB) De Ds 



D3 D2 Di 



\ II I ///... 




MECHANICAL INFORMATION 

Die Dimensions 104 x 103 x 18 (max) mils 

Pad Dimensions 4x4 (min)mils 

Metalization Aluminum 

Backing None 

Substrate Potential - Vs 

Passivation Oxynitride 

Die Attach Gold Eutectic 

Bond Wire 1.25 mil, Aluminum; Ultrasonic Bonding 

or Imil, Gold; Gold Ball Bonding 
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input/Output Circuits 
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INSIDE THE AD9500 

The heart of the AD9500 is the Imear ramp generator. A triggering 
event at the input of the AD9500 initiates the ramp cycle. As 
the ramp voltage falls, it will eventualy go below the threshold 
set up by the internal DAC (digital-to-analog converter). A 
comparator monitors both the linear ramp voltage and the DAC 
threshold level. The output of the comparator serves as the 
output for the AD9500, and the interval from the trigger until 
the output switches is the total delay time of the AD9500. 

The total delay through the AD9500 is made up of two components. 
The first is the full-scale progranmied delay, to (max)* determined 
by RsET and Cext- The second component of the total delay is 
the minimum propagation delay through the AD9500 (tpo). The 
full-scale delay is variable from 2.5ns to greater than 1ms. The 
internal DAC is capable of generating 256 separate progranuned 
delays within the full-scale range (this gives lOps increments for 
a 2.5ns full-scale setting). 

The actual programmed delay is directly related to both the 
digital control data (digital data to the internal DAC) and the 
RC time constant established by Rset and Cext- The specific 
relationship is as follows: 

Total Delay = Minimiun Propagation Delay + 
Programmed Delay 
= tpD + (digital value/256) Rset (Cext + 
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Typical Programmed Delay Ranges 

The internal DAC determines the programmed delay by way of 
the threshold level at its output. The LATCH ENABLE control 
for the on-board latch is active (latches) logic "HIGH". In the 
logic "LOW" state, the latch is transparent, and the internal 
DAC will attempt to follow changes at the digital data inputs. 



Both the LATCH ENABLE control and the data inputs are 
TTL compatible. The internal DAC may be updated at any 
time, but full timing accuracy may not be attained unless triggering 
events are held off until after the DAC settiing time (toAc). 



Urn to (MAX) I — m4 

A FULL-SCALE DELAY • 




J V 



to (MAX) - PROGRAM DELAY (FULLSCALE) 
tpD - MINIMUM PROPAGATION DELAY 

to - PROGRAM DELAY 

tLRS - LINEAR RAMP SETTLING TIME 
tRO - RESET PROPAGATION DELAY 

Internal Timing Diagram 

On resetting, the ramp voltage held in the timing capacitor 
(Cext + lOpF) is discharged. The AD9500 discharges the bulk 
of the ramp voltage very quickly, but to maintain absolute accuracy, 
subsequent triggering events should be held off until after the 
linear ramp settling time (tLRs)- AppHcations which employ 
high frequency triggering at a constant rate will not be affected 
by the sUght settling errors since they will be constant for fixed 
reset-to-trigger cycles. 

The RESET and TRIGGER inputs of the AD9500 are differential 
and must be driven relative to one another. Accordingly, the 
TRIGGER and RESET inputs are ideally suited for analog or 
complementary input signals. Single-ended ECL input signals 
can be accommodated by using the ECL midpoint reference 
(ECLref) to drive one side of the differential inputs. 

The output of the AD9500 consists of both Q and Q driver 
stages, as well as the Qr output which is used primarily for 
extending the output pulse width. In the most direct reset con- 
figuration, either the Q or the Q output is tied to the respective 
RESET input. This generates a delayed output pulse with a 
duration equal to the reset delay time (tRo) of approximately 
6ns. Note that the reset delay time (tRo) becomes extended for 
very small programmed delay settings. The duration of the 
output pulse can be extended by driving the reset inputs with 
the Qr output through an RC network (see "Extended Output 
Pulse Width" application). Using the Qr output to drive the 
reset circuit avoids loading the Q or Q outputs. 
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APPLICATIONS 

The AD9500 is a very versatile device, but at the same time, it 
is not difficult to use. Essentially there are only a few basic 
configurations which can be extended into a number of applica- 
tions. The TRIGGER and RESET inputs of the AD9500 can be 
treated as single ended, or as differential, which allows the 
AD9500 to operate with a wide range of signal sources. The 
output pulse from the AD9500 can be reset in one of two ways, 
either immediately by driving the RESET inputs with the output 
itself, or in a delayed mode. 

MINIMUM CONFIGURATION 

The minimimi configuration uses only one of the TRIGGER 
inputs. The other is connected to the ECL reference midpoint, 
ECLref- This allows the AD9500 to be triggered with standard 
lOK or lOKH ECL signals. Once a triggering event occurs, the 
Q output will go into the logic HIGH state, and the Q output 
will go into the logic LOW state after the programmed delay. 
The Q output is then used to drive the RESET input, causing 
the AD9500 to reset itself. The result is a delayed output pulse 
which is only as wide as the reset propagation delay (tRo). 



LATCH ENABLE 



Do TO De \ 
TTL GROUND 



ECL REFERENCE 



+ 5 0V 
- -5 2V 
ECL GROUND 






SRSET 

-5 2V 



Single Input- Minimum Timing Configuration 



EXTENDED OUTPUT PULSE WIDTHS 

The extended pulse configuration is similar to the minimum 
configuration. The difference here is that the output pulse width 
has been extended. Operation is identical in terms of triggering 
the AD9500; the functional difference is in th e resettin g circuit. 
In this case the Qr output is used to drive the RESET input 
through a resistor/capacitor chargin g networ k. The charging 
network will cause the signal at the RESET input to fall more 
slowly, which will extend the output pulse width. An added 
benefit of the mended pulse width configurations is that both 
the Q and the Q outputs are completely free for other uses. 



LATCH ENA BLE 

Do TO De \ 
TTL GROUND ^ 
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RESET 
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+ 5 0V 
-5 2V 
ECL GROUND 



Ro| 



-2 0V 
RESETTIME = t„D + RdCq/S 



Extended Output Pulse Width Configuration 

MULTICHANNEL DESKEWING 

Perhaps the most appropriate use of the AD9500 is in multiple 
delay matching appUcations. Slight differences in impedance 
and cable length can create large timing skews within a high-speed 
system. Much of this skew can be eliminated by running each 
signal through an AD9500. With one line used as a standard, 
the programmed delays of the other AD9500s are adjusted to 
eliminate the timing skews. With the very fine timing adjustments 
possible from the AD9500 (as small as lOps), nearly any high-speed 
system should be able to automatically adjust itself to extremely 
tight tolerances. 
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Multiple Delay Matching 

MEASURING UNKNOWN DELAYS 

Two AD9S00s can be combined to measure delays with a high 
degree of precision. One AD9500 is set with litde or no pro- 
grammed delay, and its output is used to drive the imknown 
delay circuit, which in turn drives the input of a "D" type 
flipflop. The second AD9500 is triggered along with the first, 
and its output provides a clocking signal for the flipflop. The 
programmed delay of the second AD9500 is then varied to 
detect the output edge from the unknown delay circuit. 
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Detecting the output edge is relatively straightforward. If the 
programmed delay through the second AD9S00 is too long, the 
flipflop output will be at logic HIGH. If, on the other hand, the 
programmed delay through the second AD9500 is too short, the 
flipflop output will be at logic LOW. When the programmed 
delay is properly adjusted, the flipflop will likely bounce between 
logic HIGH and logic LOW. The digital code value used to 
create the second progranmied delay is a direct indication of the 
delay through the unknown circuit. The most accurate results 
can only be attained by calibrating the system without the unknown 
delay circuit in place. 
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Measuring Unknown Delays 

MEASURING HIGH-SPEED AC WAVEFORMS 

The same circuitry used to measure unknown delays can be 
extended to measure the time response of high-speed ac waveforms. 
With the addition of a digital-to-analog converter and an analog 
comparator, the circuit functions very much like the previous 
appUcation. The DAC sets a threshold level which drives one of 
the differential comparator inputs. The other comparator input 
is driven by the device imder test (DUT). The output of the 
first AD9500 causes the DUT to produce an output. The second 
AD9500, which is also triggered along with the first AD9500, 
strobes the comparator latch enable. 

If the DUT output is greater than the DAC threshold when the 
comparator is latched, the comparator output will be at logic 
HIGH. If the output is below the DAC threshold, the comparator 
will be at logic LOW. The programmed delay setting of the 
second AD9500 is adjusted to the point where the DUT output 
equals the DAC threshold. By varying the DAC threshold level 
and adjusting the second AD9500 programmed delay, a point 
by point reconstruction of the ac waveform can be created. 
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PROGRAMMABLE OSCILLATOR 

Another interesting use of the AD9500 is in a digitally pro- 
grammable oscillator. The highly accurate delays generated by 
the AD9500 can be exploited to create a ring oscillator with 
variable duty cycle. The delayed output of the first AD9500 is 
used to drive the TRIGGER input of the second AD9500. The 
output of the second AD9500, in turn, is used to drive the 
TRIGGER input of the first AD9500. Together the two devices 
will alternately trigger each other creating two pulse chains on 
the outputs. 

The total delay through both AD9500s combined, determines 
the period of the oscillation frequency. The duty cycle can be 
controlled by using the outputs to drive the SET and RESET 
inputs of a flipflop. The total delay through the first AD9500 
will control the flipflop logic LOW output pulse width, and the 
second AD9500 will control the flipflop logic HIGH output 
pulse width. 
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LAYOUT CONSIDERATIONS 

The AD9500 is a precision timing device, and as such high- 
frequency design techniques must be employed to achieve the 
best performance. The use of a low impedance ground plane is 
particularly important. Ideally the ground plane should be on 
the component side of the layout and extend under the AD9500, 
to shield it from system timing signals. Sockets pose a special 
problem for a circuit like the AD9500 because of the additional 
inter-lead capacitance they create. If sockets must be used, pin 
sockets are generally preferred. Power supply decoupling is also 
critical to a high-speed design; a O.IjjlF ceramic capacitor and a 
0.01|xF mica capacitor for both power supplies should be very 
effective. DAC threshold stability can be improved by decoupling 
the OFFSET ADJUST pin to + 5.0V (note that this will lengthen 
the DAC settling time, Idac)- 



Measuring ac Waveforms 
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lOOMHz TRIGGERING 

The AD9500 can be triggered at rates above lOOMHz. This is 
accomplished by resetting the AD9500 shortly after it is triggered, 
which also tends to generate an extremely narrow output pulse. 
The delay circuit between the trigger input and the reset input 
provides the variable delay required for various configurations 
from 2.5ns full-scale to over 10ns full-scale (greater than 10ns 
total delay precludes lOOMHz triggering). 
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DELAY = 3 8ns + 0ns to 6 0ns 



Reset Holdofffor High-Speed Triggering 

DELAY OFFSET ADJUSTMENTS 

As the full-scale delay is increased, a component of the minimum 
propagation delay also increases. This is caused by the additional 
time required by the ramp (now with a much "flatter" slope) to 
fall below the DAC threshold corresponding to the minimum 
propagation delay (tpo). One means of decreasing the minimum 
propagation delay (when the full-scale delay, set by Rset and 
Cext is large) is to offset the internal DAC threshold toward the 
initial ramp levels, thus reducing the time for the internal ramp 
to cross the threshold once the AD9500 is triggered. 



The DAC levels are offset toward the initial ramp level by injecting 
a small current into the offset adjust pin. Note, however, that 
the ramp start-up region is less linear than the later portions of 
the ramp, which is the primary reason for the built-in offset. If 
the minimum propagation delay is kept above 5ns (the linear 
portion of the ramp), no significant degradation in linearity 
should result. This concept can be extended to match the actual 
propagation delays of several AD9500s, by injecting or sinking a 
small current (<2mA) into or out of each of the OFFSET ADJUST 
pins. 

GENERAL PERFORMANCE ENCHANCEMENTS 

High-speed operation is generally more consistent if Cext is 
kept small (i.e., no external capacitor) to maintain small discharge 
time constants, integral hnearity, however, benefits from larger 
values of Cext by buffering small system spikes and surges. 
Another means of improving integral linearity is to draw a small 
current («200m,A) out of the OFFSET ADJUST pin with a 
47kn pull-down resistor. This has the effect of moving the 
internal DAC reference levels into a relatively more linear region 
of the ramp. This technique is generally only useful for small 
full-scale delay conflgurations. Its use with larger full-scale 
delays will extend the minimum propagation delay (tpo). A pull- 
up resistor to + 5.0V creates the opposite effect by reducing the 
minimum propagation delay (tpo) at the expense of increased 
reset propagation delay (Ird) and degraded linearity (see OFFSET 
matching circuit). 

An external DAC can be used with the AD9500 for increased 
resolution and higher update rates. For the most part, a standard 
ECL DAC, operating between +5.0V and groimd, should work 
with the AD9500. The output of the external DAC must be 
connected to the OFFSET ADJUST pin of the AD9500 with 
the internal DAC turned off (Do thru D7 at logic LOW). For 
normal operation, the external DAC output should range from 
0mA to -2mA (sinking). 




CURRENT INTO THE OFFSET ADJUST 
PIN DECREASES THE MINIMUM 
PROPAGATION DELAY (tpo) 



CURRENT OUT OF THE OFFSET ADJUST 
PIN INCREASES THE MINIMUM 
PROPAGATION DELAY (tpo) 
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Orientation 

Temperature Transducers 



The devices in this section are two-terminal monolithic integrated 
circuits designed to measure temperatures within the range 
-55°C to + 150°C. When +4V to +30V of excitation voltage 
is applied, they act as current sources that provide an output 
proportional to absolute temperature, l|xA/K. Expressed in 
degrees Celsius (Tc), 

I = 1llA/°C • Tc + 273.2ijLA 

Current sources have a number of advantages: they are based on 
a Hnear relationship and are highly repeatable; the current is 
independent of voltage drops, voltage noise and common-mode 
voltage - and practically independent of excitation voltage; the 
current can be translated to a voltage at a remote destination via 
an appropriate value of resistance (V = I R) - and simple offsetting 
circuitry (if necessary). 

They are easy to use; they don't require linearization circuitry, 
high-precision voltage amplifiers, resistance-measuring circuitry 
or cold-junction compensation. Indeed, they are themselves 
widely used for cold-junction compensation of thermocouple 
circuitry. 

There are many other applications, including appliance tempera- 
ture sensing, automotive temperature measurement and control, 
HVAC (heating, ventilating and air conditioning) system moni- 
toring, industrial temperature control, board-level electronics 
temperature diagnostics, temperature readout options in in- 
strumentation and temperature-correction circuitry for precision 
electronics. 

AD592 Low-Cost Precision IC Temperature Transducer 

The AD592 is a low-cost, plastic packaged device with an operating 
temperature range of - 25°C to + 105°C and precalibrated accuracy 
(using laser wafer-trimming) to within 0.5°C (AD592CN) at 
+ 25°C. Its specified nonlinearity (maximum deviation from a 
best straight line) is 0.35°C maximum over temperature and less 
than 0.15°C from to +70°C. 



AD590 IC Temperature Transducer 

The AD590 is similar in principle to the AD592 but is encased 
in a choice of a hermetically sealed metal can and a probe- 
compatible ceramic sensor package. Its maximum temperature 
range for rated performance is - 55°C to + 150°C, with maximum 
nonlinearity of 0.3°C over the temperature range (AD590M). 

AC2626 General-Purpose Temperature Probe 

The AC2626 is a stainless steel tubular probe containing an 
AD590 chip, with specifications generally similar to those of the 
AD590. The probe has an outside diameter of 3/16" (4.76mm); 
it is available in 6" (152.4mm) and 4" (101.6mm) lengths and 
has 3-foot Teflon-coated lead wires. 

The probe is designed for immersion in both liquids and gases 
and can also be used for temperature measurements in refrigera- 
tion and general temperature monitoring. Its applications in- 
clude flow-rate measurement, level detection of fluids and 
anemometry. 

For measurements in pipes or other closed vessels, a compression 
fitting (AC2629) is available. It may be applied anywhere along 
the probe and is available in a choice /of brass and stainless steel. 

RELATED PRODUCTS 

A variety of digital panel instruments are available for use in 
temperature monitoring. They can be found in the section on 
Digital Panel Instruments. The AD2040* low-cost, 3-digit 
temperature indicator and the AD2038* 6-channel digital scanning 
thermometer may be of especial interest. 

For interfacing temperature measurements to systems, signal- 
conditioning products in wide variety of architectures and physical 
forms can be found in the section on signal conditioning; for the 
circuit designer, suitable operational, instrumentation and isolation 
amplifiers can be found in the respective sections. 

For background information, a valuable aid to understanding, 
design, and apphcations is the Transducer Interfacing Handbook, 
pubhshed by Analog Devices (1980). It is available for $14.50 
(hard cover) from P. O. Box 796, Norwood, MA 02062. 

*Data sheets available upon request. 



10-4 TEMPERATURE TRANSDUCERS 




ANALOG 
DEVICES 



General Purpose Temperature Probe 



AC2626 



FEATURES 

Linear Current Output: 1juA/K 

Wide Range: -SB'^C to +150°C 

Laser Trimmed Sensor (AD590) to ±1.0^C Calibration 

Accuracy (AC2626L) 
Excellent Linearity: ±0.4''C Over Full Range (AC2626L) 
6 Inch or 4 Inch Standard, Stainless Steel Sheath 
3/16 Inch in Outside Diameter 
3 Feet Teflon Coated Lead Wire 
Wide Power Supply Range +4V to +30V 
Low Cost 

Fast Response: 2 Seconds (In Stirred Water) 
Sensor Isolated From Sheath 




PRODUCT DESCRIPTION 

The AC2626 is a stainless steel tubular probe measuring 3/16 
inch (4.76mm) in outside diameter and is available in 6 inch 
(152,4mm) or 4-inch (101.6mm) lengths. The probe is avail- 
able in linearity grades of 0.3°C, 0.4°C, 0.8°C or 1.5°C. 

The probe is designed for both liquid and gaseous immersion 
applications as well as temperature measurements in refrigera- 
tion or any general temperature monitoring application. 

For taking measurements in pipes or other closed vessels, the 
AC2629 compression fitting is available. The AC2629 may be 
applied anywhere along the probe and is supplied in two ma- 
terials. The low cost AC2629B is constructed of brass and the 
higher priced AC2629SS is made of stainless steel. 

PRODUCT HIGHLIGHTS 

The AC2626 is based on the ADS 90 temperature transducer, 
a two terminal integrated circuit which produces an output 
current linearly proportional to absolute temperature. 

Costly linearization circuitry, precision voltage amplifiers, 
resistance measuring circuitry and cold junction compensation 
are not needed in applying the AC2626. 

Due to the high impedance current output of the ADS 90, the 
AC2626 is particularly useful in remote sensing applications, 
because of its insensitivity to voltage drops over lines. The out- 
put characteristics also make the AC2626 easy to multiplex. 
In addition to temperature measurement, applications include 
temperature compensation, biasing proportional to absolute 
temperature, flow rate measurement, level detection of fluids 
and anemometry. 

DIRECT INTERFACE PRODUCTS 

For display and/or control applications, two companion prod- 
ucts are available. The AD2038,6 channel digital thermometer, 



and the AD2040, low cost temperature indicator, were designed 
to be used in conjunction with the AC2626. 

1. The AD2038 is a low cost, ac line powered 6 channel digital 
scanning thermometer designed to interface to printers, 
computers, serial data transmitters, etc., for display, con- 
trol, logging or transmission of multi-point temperature 
data. Channel selection is made via three methods: manual, 
using the switch provided on the front; auto/scan, where 
the AD2038 cycling on an internal clock can continually 
scan the six input channels or external selection, where con- 
trol inputs provided on the rear connector enable channel 
selection via external BCD coding. 

2. The AD2040 is a low cost, 3 digit temperature indicator. 
An internal precision voltage reference, resistor network 
and span and zero adjusts allow the AD2040 to read out 
directly in C, F, K or R. User selectable readout as well 
as all other connections, i.e., +5V dc power and AC2626 
interface are all made via the terminal block on the rear. 

APPLICATION HINTS 

1. Under all operating conditions, a minimum 4V dc must be 
present across the AC2626. 

2. Use of twisted pair wiring is recommended, particularly 
for remote applications or in high noise environments. 
Shielded wire is desirable in severe noise environments. 

3. For the lowest cost, the J and K grades are recommended. 
Where probe interchangeability is desired, grade L is 
recommended. 
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SPECIFICATIONS 



(typical @ + 25°C and + 5V unless otherwise specified) 



AC2626J 



AC2626K AC2626L AC2626M 



ABSOLUTE MAXIMUM RATINGS' 














Forward Voltage (Vs) 


+44V 






* 






Reverse Voltage (Vg) 


-20V 






* 






Breakdown Voltage (Case to Leads) 


±200V 






* 






Rated Performance Temp. Range 


-55°Cto+150°C 






* 






Storage Temperature Range 


-60°Cto+160°C 






* 






POWER SUPPLY 














Operatmg Voltage Range 


+4V to +30V 


* 




* 




* 


OUTPUT 














Nominal Current Output @ +25°C 














(298 2° K) 


298 2juA 


* ' 




* 




* 


Nommal Temperature Coefficient 


ima/°c 


* 




* 




♦ 


Calibration Frror @ +25°C 


±5 0°C max 


±2.3°C 


max 


±1.0 C max 


x0.b"L max 


Absolute Error (over rated performance 














temperature range) 














Without External Calibration 














Adjustment 


±10 0°C max 


±5 5°C 


max 


±3 0°C 


max 


±1 7°C max 


With +25°C Calibration Error 














Set to Zero 


±3 0°C max 


±2 0°C 


max 


±1.6°C 


max 


±1.0°Cmax 


Nonhneanty 


±1 5°C max 


±0.8°C 


max 


±0 4°C 


max 


±0 3°C max 


Repeatability^ 


1°C 






♦ 






Long Term Dnft^ 


0.1 C max/month 






* 






Time Constant** (in stirred water) 


2 sec. 






* 






Current Noise 


40pAVHz 






* 






Power Supply Rejection 














+4V<Vs<+5V 


5iuA/V 






* 






+5V<Vs<+15V 


2mA/V 






* 






+ 15V<Vs<+30V 


O.ljuA/V 






* 






Electrical Turn-On Time 


20ms 






* 






+ Lead Color 


yellow 


orange 




blue 




green 


ORDERING GUIDE 














AC2626 C 


? "t" 












GRADE . 


















K 
L 


■ — ENTER - 


J 














J 
LENGTH 4 ] — ENTER - 
















6 J 








AC2629 C 


p 












BRASS Bl „ ENTER - 


T 












TYPE 316 SSJ 














STAINLESS 















MECHANICAL OUTLINE 

Dimensions shown in inches and (mm). 

AC2626 



3 FT (914 4) ±1 (25 4) 
#24 STRANDED WIRE 
TEFLON INSULATED 



T\ I 

' L - See Note 1 , »J 

■^ +n nRl 1 tia\ ' 



AC2629 



b I AINtt!>b !>TEEL TYPE 316 
COMPRESSION FITTING (See Note 3) 



PIPE THREAD 1/8 




NOTE 1 Probes are available in 4 inch or 6-inch lengths 
NOTE 2 + lead wire is color coded J, yellow, K, orange, L, blue. 
NOTE 3 When assembling compression fitting {AC2629) to probe, 
tighten the 1/2" nut 3/4's of a turn from finger tight 



NOTES 

^Maximum safe recommended pressure 7500psi (5.17 X 10* Kpa). 

* Maximum deviation between +25°C readings after temperature cycling between -55°C and +150°C, guaranteed, 

not tested. 
^Conditions constant +5V, constant +125°C, guaranteed, not tested. 

*The time constant is defined as the time required to reach 63.2% of an instantaneous temperature change. 
•Specifications same as AC2626J. 

Specifications subject to change without notice. 



CALIBRATION 



-Jf- 



>+Vs 



-fi- 



Vq 



RT = lOOn FOR °C 
RT = 200n FOR °F 



R = 953n FOR °C 
R = 1740J2FOR°F 



Eos °C = 273.2mV 
°F = 459.8mV 



For most applications, a single point calibration is 

sufficient. With the probe at a known temperature, 

adjust Rt so that Vq corresponds to the known 

temperature. 

If more detailed information is desired, see the 

AD590 data sheet and application note. 
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ANALOG 
DEVICES 



Two-Terminal IC 
Temperature Transducer 




FEATURES 

Linear Current Output: IjuA/K 

Wide Range: -55°C to +150°C 

Probe Compatible Ceramic Sensor Paclcage 

Two-Terminal Device: Voltage In/Current Out 

Laser Trimmed to ±0.5^C Calibration Accuracy (AD590M) 

Excellent Linearity: ±0.3''C Over Full Range (AD590M) 

Wide Power Supply Range: +4V to +30 V 

Sensor Isolation from Case 

Low Cost 



AD590 PIN DESIGNATIONS 
+ (0 OJCAN 



BOTTOM VIEW 



PRODUCT DESCRIPTION 

The ADS 90 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. For supply voltages between +4V and 
+30V the device acts as a high impedance, constant current 
regulator passing l/xA/K. Laser trimming of the chip's thin film 
resistors is used to calibrate the device to 298.2/xA output at 
298.2K (+25°C). 

The ADS 90 should be used in any temperature sensing applica- 
tion below +150 C in which conventional electrical tempera- 
ture sensors are currently employed. The inherent low cost of 
a monolithic integrated circuit combined with the elimination 
of support circuitry makes the ADS 90 an attractive alternative 
for many temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance measuring 
circuitry and cold junction compensation are not needed in 
applying the ADS 90. 

In addition to temperature measurement, appUcations include 
temperature compensation or correction of discrete compo- 
nents, biasing proportional to absolute temperature, flow rate 
measurement, level detection of fluids and anemometry. The 
ADS 90 is available in chip form making it suitable for hybrid 
circuits and fast temperature measurements in protected en- 
vironments. 

The ADS 90 is particularly useful in remote sensing appUca- 
tions. The device is insensitive to voltage drops over long lines 
due to its high impedance current output. Any well-insulated 
twisted pair is sufficient for operation hundreds of feet from 
the receiving circuitry. The output characteristics also make 
the ADS 90 easy to multiplex: the current can be switched by 
a CMOS multiplexer or the supply voltage can be switched by 
a logic gate output. 

♦Covered by Patent No. 4,123,698 



PRODUCT HIGHLIGHTS 

1. The ADS 90 is a calibrated two terminal temperature sensor 
requiring only a dc voltage supply (+4V to +30V). Costly 
transmitters, filters, lead wire compensation and lineariza- 
tion circuits are all unnecessary in applying the device. 

2. State-of-the-art laser trimming at the wafer level in conjunc- 
tion with extensive final testing insures that ADS 90 units 
are easily interchangeable. 

3. Superior interference rejection results from the output 
being a current rather than a voltage. In addition, power 
requirements are low (l.SmW's @ SV @ +2S°C). These 
features make the ADS 90 easy to apply as a remote sensor. 

4. The high output impedance (>10M12) provides excellent 
rejection of supply voltage drift and ripple. For instance, 
changing the power supply from SV to lOV results in only 
a IjuA maximum current change, or 1 C equivalent error. 

5. The ADS 90 is electrically durable: it will withstand a 
forward voltage up to 44V and a reverse voltage of 20V. 
Hence, supply irregularities or pin reversal will not damage 
the device. 
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OrLUiriUni lUllO (@ +25^; and Vs=5V unless othewise noted) 






Model 


AD590J 




AD590K 








Min Typ 


Max 


Min Typ 


Max 


Units 


ABSOLUTE MAXIMUM RATINGS 












Forward Voltage (E + to E - ) 




+ 44 




+ 44 


Volts 


Reverse Voltage (E + to E - ) 




-20 




-20 


Volts 


Breakdown Voltage (Case to E + or E - ) 




±200 




±200 


Volts 


Rated Performance Temperature Range ^ 


-55 


+ 150 


-55 


+ 150 


°C 


Storage Temperature Range ^ 


-65 


+ 155 


-65 


+ 155 


°C 


Lead Temperature (Soldering, 10 sec) 




+ 300 




+ 300 


°C 


POWER SUPPLY 












Operating Voltage Range 


+ 4 


+ 30 


+ 4 


+ 30 


Volts 


OUTPUT 












Nominal Current Output @ + 25°C (298 .2K) 


298.2 




298.2 




KiA 


Nominal Temperature Coefficient 


1 




1 




jjiA/K 


Calibration Error® +25°C 




±5.0 




±2.5 


°C 


Absolute Error (over rated performance 












temperature range) 












Without External Calibration Adjustment 




±10 




±5.5 


°C 


With + 25°C Calibration Error Set to Zero 




±3.0 




±2.0 


X 


Nonlinearity 




±L5 




±0.8 


°C 


Repeatability^ 




±0.1 




±0.1 


°C 


Long Term Drift^ 




±0.1 




±0.1 


°C 


Current Noise 


40 




40 




pA/Vliz 


Power Supply Rejection 












+ 4V<Vs^ + 5V 


0.5 




0.5 




(xAA^ 


+ 5V<Vs^ + 15V 


0.2 




0.2 




jjlAA^ 


+ 15V<Vs^ + 30V 


0.1 




0.1 




jjlAA^ 


Case Isolation to Either Lead 


10^« 




10^« 




n 


Effective Shunt Capacitance 


100 




100 




pF 


Electrical Turn-On Time 


20 




20 




iis 


Reverse Bias Leakage Current'* 












(Reverse Voltage = lOV) 


10 




10 




pA 


PACKAGE OPTION^ 












TO-52(H-03A) 


AD590JH 




AD590KH 






Flat Pack (F-2A) 


AD590JF 




AD590KF 







NOTES 

'The AD590 has been used at - 100°C and +200°C for short periods 
of measurement with no physical damage to the device. However, 
the absolute errors specified apply to only the rated performance 
temperature range. 

^Maximum deviation between + 25°C readings after tempera- 
ture cycling between - 55°C and + 150°C; guaranteed not tested. 

^Conditions: constant + 5V, constant + 125°C; guaranteed, 
not tested. 



"^Leakage current doubles every 10°C. 

^See Section 16 for package outline information. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 



,1. .1. 



+273° +298° +323° 
0° +25° +50° 



°F -100° 



.1. .1. 



WrtT+ 



+373° 
+100° 



+423° 
+150° 



11 11 11 Hi liliii 11 1 il |i II 1 1 III 1 1] 11 11 f 1 1 

+300° 



I I +100° 

32° 70° 



+200°! 
212° 



TEMPERATURE SCALE CONVERSION EQUATIONS 

5 



"C = -~("F-32) 
°F = -|-°C+32 



K= C+273.15 
°R = °F +459.7 
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Model 


AD590L 




AD590M 








Min Typ 


Max 


Min Typ 


Max 


Units 


ABSOLUTE MAXIMUM RATINGS 












Forward Voltage (E + to E - ) 




+ 44 




+ 44 


Volts 


Reverse Voltage (E + to E - ) 




-20 




-20 


Volts 


Breakdown Voltage (Case to E-f orE-) 




±200 




±200 


Volts 


Rated Performance Temperature Range^ 


-55 


+ 150 


-55 


+ 150 


°C 


Storage Temperature Range' 


-65 


+ 155 


-65 


+ 155 


°C 


Lead Temperature (Soldering, 10 sec) 




+ 300 




+ 300 


°C 


POWER SUPPLY 












Operating Voltage Range 


+ 4 


+ 30 


+ 4 


+ 30 


Volts 


OUTPUT 






• 






Nominal Current Output @ + 25°C (298. 2K) 


298.2 




298.2 




txA 


Nominal Temperature Coefficient 


1 




1 




ixAJK 


Calibration Error® +25°C 




±1.0 




±0.5 


°C 


Absolute Error (over rated performance 












temperature range) 












Without External Calibration Adjustment 




±3.0 




±1.7 


°C 


With + 25°C Calibration Error Set to Zero 




±1.6 




±1.0 


°c 


Nonlinearity 




±0.4 




±0.3 


°c 


Repeatability^ 




±0.1 




±0.1 


°c 


Long Term Drift' 




±0.1 




±0.1 


°c 


Current Noise 


40 




40 




pA\^ 


Power Supply Rejection 












+ 4V<Vs^ + 5V 


0.5 




0.5 




|xAA^ 


+ 5V<Vs^ + 15V 


0.2 




0.2 




^iA/V 


+ 15V<Vs^ + 30V 


0.1 




0.1 




jjlAA^ 


Case Isolation to Either Lead 


10'« 




W' 




n 


Effective Shunt Capacitance 


100 




100 




pF 


Electrical Turn-On Time 


20 




20 




|XS 


Reverse Bias Leakage Current'^ 












(Reverse Voltage = lOV) 


10 




10 




pA 


PACKAGE OPTION^ 












TO-52(H-03A) 


AD590LH 




AD590MH 






Flat Pack (F-2 A) 


AD590LF 




AD590MF 
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The 590H has 60jU inches of gold plating on its Kovar leads and 
Kovar header. A resistance welder is used to seal the nickel cap 
to the header. The AD 5 90 chip is eutectically mounted to the 
header and ultrasonically bonded to with 1 MIL aluminum 
wire. Kovar composition: 53% iron nominal; 29% ±1% nickel; 
17% ±1% cobalt; 0.65% manganese max; 0.20% silicon max; 
0.10% aluminum max; 0.10% magnesium max; 0.10% zirco- 
nium max; 0.10% titanium max; 0.06% carbon max. 




(013^0%°?) 








00 


>. ♦ 


\N KV 


(12 


t y /////////// //^ 



9+0 000 
"-0 009 
+0 000") 
-0 230-' 



FLAT-PACK PACKAGE: DESIGNATION "F" 

The 590F is a ceramic package with gold plating on its Kovar 
leads, Kovar Hd, and chip cavity. Solder of 80/20 Au/Sn com- 
position is used for the 1.5 mil thick solder ring under the lid. 
The chip cavity has a nickel underlay between the metalization 
and the gold plating. The ADS 90 chip is eutectically mounted 
in the chip cavity at 410°C and ultrasonically bonded to with 
1 mil aluminum wire. Note that the chip is in direct contact 
with the ceramic base, not the metal lid. 




Metalization Diagram 

CIRCUIT DESCRIPTION* 

The AD 5 90 uses a fundamental property of the silicon tran- 
sistors from which it is made to realize its temperature propor- 
tional characteristic: if two identical transistors are operated 
at a constant ratio of collector current densities, r, then the 
difference in their base-emitter voltages will be (kT/q)(In r). 
Since both k, Boltzman's constant and q, the charge of an 
electron, are constant, the resulting voltage is directly propor- 
tional to absolute temperature (FT AT). 



In the AD590, this FT AT voltage is converted to a FT AT cur- 
rent by low temperature coefficient thin film resistors. The 
total current of the device is then forced to be a multiple of 
this FT AT current. Referring to Figure 1, the schematic dia- 
gram of the AD 5 90, Q8 and Qll are the transistors that pro- 
duce the FT AT voltage. R5 and R6 convert the voltage to 
current. QIO, whose collector current tracks the collector 
currents in Q9 and Ql 1, supplies all the bias and substrate 
leakage current for the rest of the circuit, forcing the total 
current to be FT AT. R5 and R6 are laser trimmed on the 
wafer to calibrate the device at +25 C. 

Figure 2 shows the typical V— I characteristic of the circuit 
at +25 C and the temperature extremes. 




Figure 1. Schematic Diagram 



423 



'out 

(mA) 298 



+150°C 




■sy- 



+25°C 



■ih 



-ii- 



-^9 



30V 



SUPPLY VOLTAGE 



Figure 2. V- 1 Plot 



* For a more detailed circuit description see M J*. Timko, "A Two- 
Terminal IC Temperature Transducer," IEEE J. Solid State Circuits, 
Vol. SC-11, p. 784-788, Dec. 1976. 
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Understanding the AD590 Specifications 



EXPLANATION OF TEMPERATURE SENSOR 
SPECIFICATIONS 

The way in which the ADS 90 is specified makes it easy to 
apply in a wide variety of different applications. It is important 
to understand the meaning of the various specifications and 
the effects of supply voltage and thermal environment on ac- 
curacy. 

The AD 5 90 is basically a FT AT (proportional to absolute tem- 
perature)* current regulator. That is, the output current is 
equal to a scale factor times the temperature of the sensor in 
degrees Kelvin. This scale factor is trimmed to l/xA/K at the 
factory, by adjusting the indicated temperature (i.e. the output 
current) to agree with the actual temperature. This is done with 
5V across the device at a temperature within a few degrees of 
25 C (298.2K). The device is then packaged and tested for 
accuracy over temperature. 

CALIBRATION ERROR 

At final factory test the difference between the indicated tem- 
perature and the actual temperature is called the calibration 
error. Since this is a scale factor error, its contribution to the 
total error of the device is FT AT. For example, the effect of 
the 1 C specified maximum error of the AD590L varies from 
0.73°C at -55°C to 1.42°C at 150°C. Figure 3 shows how 
an exaggerated calibration error would vary from the ideal 
over temperature. 




Figures. Calibration Error vs. Temperature 

The calibration error is a primary contributor to maximum 
total error in all ADS 90 grades. However, since it is a scale 
factor error, it is particularly easy to trim. Figure 4 shows the 
most elementary way of accomplishing this. To trim this cir- 
cuit the temperature of the ADS 90 is measured by a reference 
temperature sensor and R is trimmed so that Vx = ImV/K at 
that temperature. Note that when this error is trimmed out at 
one temperature, its effect is zero over the entire temperature 
range. In most applications there is a current to voltage con- 
version resistor (or, as with a current input ADC, a reference) 
that can be trimmed for scale factor adjustment. 




Figure 4. One Temperature Trim 

* T(°C) = T(K) -273.2; Zero on the Kelvin scale is "absolute zero" 
there is no lower temperature. 



ERROR VERSUS TEMPERATURE: WITH CALIBRATION 
ERROR TRIMMED OUT 

Each ADS 90 is also tested for error over the temperature range 
with the calibration error trimmed out. This specification could 
also be called the 'Variance from FT AT" since it is the maxi- 
mum difference between the actual current over temperature 
and a FTAT multiplication of the actual current at 2S°C. This 
error consists of a slope error and some curvature, mostly at 
the temperature extremes. Figure 5 shows a typical ADS90K 
temperature curve before and after calibration error trimming. 



BEFORE 
CALIBRATION 
TRIM \ 




+150°C 



TEMPERATURE 

Figure 5. Effect of Scale Factor Trim on Accuracy 

ERROR VERSUS TEMPERATURE: NO USER TRIMS 

Using the ADS 90 by simply measuring the current, the total 
error is the "variance from FTAT" described above plus the 
effect of the calibration error over temperature. For example 
the ADS90L maximum total error varies from 2.3 3°C at 
-5S°C to 3.02°C at 1S0°C. For simplicity, only the larger fig- 
ure is shown on the specification page. 

NONLINEARITY 

Nonlinearity as it applies to the AD 5 90 is the maximum devia- 
tion of current over temperature from a best-fit straight line. 
The nonlinearity of the ADS90 over the -SS°C to +1S0°C 
range is superior to all conventional electrical temperature 
sensors such as thermocouples, RTD's and thermistors. Fig- 
ure 6 shows the nonlinearity of the typical ADS90K from 
Figure S. 




TEMPERATURE 



Figures. Nonlinearity 

Figure 7A shows a circuit in which the nonlinearity is the ma- 
jor contributor to error over temperature. The circuit is 
trimmed by adjusting Rj for a OV output with the AD590 
at 0°C. R2 is then adjusted for lOV out with the sensor at 
100 C. Other pairs of temperatures may be used with this pro- 
cedure as long as they are measured accurately by a reference 
sensor. Note that for +1SV output (150°C) the V+ of the op 
amp must be greater than 17 V. Also note that V- should be 
at least -4V: if V- is ground there is no voltage applied across 
the device. 
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+ 16V 

I ^> i O 100 

(» vw— J x^^ „ 

J7 27k 4.1 l^D301AL -— o 

V 



100mV/°C 

100mV/°C 



26 C/watt. 0CA is the thermal resistance between the case and 
its surroundings and is determined by the characteristics of 
the thermal connection. Power source P represents the power 
dissipated on the chip. The rise of the junction temperature, 
Tj, above the ambient temperature Ta is: 



Tj-Ta 



= p(^jc+0ca)- 



Eq. 1 



Figure 7 A. Two Temperature Trim 



Figure 7B. Typical Two-Trim Accuracy 

VOLTAGE AND THERMAL ENVIRONMENT EFFECTS 

The power supply rejection specifications show the maximum 
expected change in output current versus input voltage changes. 
The insensitivity of the output to input voltage allows the use 
of unregulated supplies. It also means that hundreds of ohms 
of resistance (such as a CMOS multiplexer) can be tolerated 
in series with the device. 

It is important to note that using a supply voltage other than 
5V does not change the PTAT nature of the AD 5 90. In other 
words, this change is equivalent to a calibration error and can 
be removed by the scale factor trim (see previous page). 

The AD 5 90 specifications are guaranteed for use in a low 
thermal resistance environment with 5V across the sensor. 
Large changes in the thermal resistance of the sensor's envi- 
ronment will change the amount of self -heating and result 
in changes in the output which are predictable but not neces- 
sarily desirable. 

The thermal environment in which the ADS 90 is used deter- 
mines two important characteristics: the effect of self heating 
and the response of the sensor with time. 




Figure 8. Tiiermal Circuit l\4odei 



Figure 8 is a model of the ADS 90 which demonstrates these 
characteristics. As an example, for the TO-52 package, ^jc is 
the thermal resistance between the chip and the case, about 



Table I gives the sum of Ojq and ^cA ^or several common 
thermal media for both the **H" and "F" packages. The heat- 
sink used was a common clip-on. Using Equation 1, the temper- 
ature rise of an ADS 90 "H" package in a stirred bath at+2S°C, 
when driven with a 5V supply, will be 0.06°C. However, for 
the same conditions in still air the temperature rise is 0.72°C. 
For a given supply voltage, the temperature rise varies with 
the current and is PTAT. Therefore, if an application circuit 
is trimmed with the sensor in the same thermal environment 
in which it will be used, the scale factor trim compensates for 
this effect over the entire temperature range. 



MEDIUM 


^JC+^CA 


(°C/watt) 


r (sec)(Note3 




H 


F 


H 


f 


Aluminum Block 


30 


10 


0.6 


0.1 


Stirred Oil* 


42 


60 


1.4 


0.6 


Moving Air^ 










With Heat Sink 


4S 


— 


s.o 


— 


Without Heat Sink 


lis 


190 


13.S 


10.0 


Still Air 










With Heat Sink 


191 


- 


108 


- 


Without Heat Sink 


480 


6S0 


60 


30 



^ Note: r is dependent upon velocity of oil; average of several velocities 

listed above. 
* Air velocity s 9ft/sec. 
'The time constant is defined as the time required to reach 63.2% of 

an instantaneous temperature change. 

Table I. Thermal Resistances 



The time response of the ADS 90 to a step change in tempera- 
ture is determined by the thermal resistances and the thermal 
capacities of the chip, C^h» ^"^ ^^^ ^^^e, C^-. C^-j^ is about 
0.04 watt-sec/ C for the ADS90. C^^ varies with the measured 
medium since it includes anything that is in direct thermal con- 
tact with the case. In most cases, the single time constant ex- 
ponential curve of Figure 9 is sufficient to describe the time 
response, T(t). Table I shows the effective time constant, r, 
for several media. 




Figure 9. Time Response Curve 
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Applying the AD590 



GENERAL APPLICATIONS 



AD590 




OFFSET 
CALIBRATION 



GAIN SCALING 
-©OFFSET SCALING 




{T1-T2){10mV/°C) 



Figure 10. Variable Scale Display 

Figure 10 demonstrates the use of a low-cost Digital Panel 
Meter for the display of temperature on either the Kelvin, 
Celsius or Fahrenheit scales. For Kelvin temperature Pins 9, 
4 and 2 are grounded; and for Fahrenheit temperature Pins 4 
and 2 are left open. 

The above configuration yields a 3 digit display with 1°C or 
1 F resolution, in addition to an absolute accuracy of ±2.0°C 
over the -55°C to +125°C temperature range if a one-temper- 
ature calibration is performed on an AD590K, L, or M. 



+15V 



+5V 



I AD590 



[ AD590 



] AD590 



(0.1%) 



Vtiw 




AD590 



Figure 12. Differential Measurements 



a desired temperature difference. For example, the inherent 
offset between the two devices can be trimmed in. If V+ and 
V- are radically different, then the difference in internal dissi- 
pation will cause a differential internal temperature rise. This 
effect can be used to measure the ambient thermal resistance 
seen by the sensors in applications such as fluid level detec- 
tors or anemometry. 
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Figure 13. Cold Junction Compensation Circuit for 
Type J Thermocouple 



Figure 1 1. Series & Parallel Connection 



Connecting several AD590 units in series as shown in Figure 
11 allows the minimum of all the sensed temperatures to be 
indicated. In contrast, using the sensors in parallel yields the 
average of the sensed temperatures. 

The circuit of Figure 12 demonstrates one method by which 
differential temperature measurements can be made. Rj and 
R2 can be used to trim the output of the op amp to indicate 



Figure 13 isanexampleof a cold junction compensation circuit 
for a Type J Thermocouple using the AD 5 90 to monitor the 
reference junction temperature. This circuit replaces an ice-bath 
as the thermocouple reference for ambient temperatures 
between +15°C and +35°C. The circuit is calibrated by adjust- 
ing Rj for a proper meter reading with the measuring junction 
at a known reference temperature and the circuit near +25 C. 
Using components with the T.C.'s as specified in Figure 13, 
compensation accuracy will be within ±0.5 C for circuit 
temperatures between +15 C and +35 C. Other thermocouple 
types can be accommodated with different resistor values. 
Note that the T.C.'s of the voltage reference and the resistors 
are the primary contributors to error. 
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4mA = 17'C . 
12mA =25°C "t 
20mA =33''C 
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Figure 14. 4 to 20mA Current Transmitter 



Figure 14 is an example of a current transmitter designed to be 
used with 40V, Ikfi systems; it uses its full current range of 
4mA to 20mA for a narrow span of measured temperatures. 
In this example the IjuA/K output of the AD590 is arnplified 
to 1mA/ C and offset so that 4mA is equivalent to 17 C and 
20mA is equivalent to 33 C. R^^ is trimmed for proper reading 
at an intermediate reference temperature. With a suitable 
choice of resistors, any temperature range within the operating 
limits of the AD 5 90 may be chosen. 
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Figure 15. Simple Temperature Control Circuit 



Figure 16. D AC Set Point 



particular circuit operates from (all inputs high) to +51 C 
(all inputs low) in 0.2 C steps. The comparator is shown with 
1 C hysteresis which is usually necessary to guard-band for 
extraneous noise; omitting the S.lMfi resistor results in 
no hysteresis. 



AD590 




Figure 15 is an example of a variable temperature control cir- 
cuit (thermostat) using the AD 5 90. Rj| and Rl are selected to 
set the high and low limits for RgET* ^SET ^o^^^ ^^ ^ simple 
pot, a calibrated multi-turn pot or a switched resistive divider. 
Powering the ADS 90 from the 10 V reference isolates the 
ADS 90 from supply variations while maintaining a reasonable 
voltage (~7V) across it. Capacitor Cj is often needed to filter 
extraneous noise from remote sensors. Rg is determined by 
the ^ of the power transistor and the current requirements of 
the load. 

Figure 16 shows how the ADS 90 can be configured with an 8- 
bit DAC to produce a digitally controlled set point. This 



Figure 17. AD590 Driven from CMOS Logic 



The voltage compliance and the reverse blocking characteristic 
of the ADS90 allows it to be powered directly from +5 V CMOS 
logic. This permits easy multiplexing, switching or pulsing for 
minimum internal heat dissipatioti. In Figure 17 any ADS 90 
connected to a logic high will pass a signal current through the 
current measuring circuitry while those connected to a logic 
zero will pass insignificant current. The outputs used to drive 
the ADS90's may be employed for other purposes, but the 
additional capacitance due to the AD 5 90 should be taken 
into account. 
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Figure 18. Matrix Multiplexer 

CMOS Analog Multiplexers can also be used to switch AD 5 90 
current. Due to the AD590's current mode, the resistance of 
such switches is unimportant as long as 4V is maintained 
across the transducer. Figure 18 shows a circuit which combines 
the principal demonstrated in Figure 17 with an 8 channel 
CMOS Multiplexer. The resulting circuit can select one of 
eighty sensors over only 18 wires with a 7 bit binary word. The 
inhibit input on the multiplexer turns all sensors off for mini- 
mum dissipation while idling. 
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Figure 19. 8-Channel Multiplexer 

Figure 19 demonstrates a method of multiplexing the AD 5 90 
in the two-trim mode (Figure 7). Additional AD590's and their 
associated resistors can be added to multiplex up to 8 channels 
of ±0.5 C absolute accuracy over the temperature range of 
-55°C to +125°C. The high temperature restriction of +125°C 
is due to the output range of the op amps; output to +150 C 
can be achieved by using a +20V supply for the op amp. 
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ANALOG 
DEVICES 



Low Cost, Precision iC 
Temperature Transducer 




FEATURES 

High Precalibrated Accuracy: 0.5X max @ 25°C 

Excellent Linearity: 0.15X max (0 to +70X) 

Wide Operating Temperature Range: -25°Cto +105X 

Single Supply Operation: +4V to +30V 

Excellent Repeatability and Stability 

High Level Output: 1|jiA/K 

Two Terminal Monolithic IC: Temperature In/ 

Current Out 
Minimal Self-Heating Errors 



AD592 CONNECTING DIAGRAM 




""PIN 2 CAN BE EITHER ATTACHED OR UNCONNECTED 

BOTTOM VIEW 



PRODUCT DESCRIPTION 

The AD592 is a two tenninal monolithic integrated circuit tem- 
perature transducer that provides an output current proportional 
to absolute temperature. For a wide range of supply voltages the 
transducer acts as a high impedance temperature dependent 
current source of 1|jlA/K. Improved design and laser wafer 
trimming of the IC*s thin film resistors allows the AD592 to 
achieve absolute accuracy levels and nonlinearity errors previously 
unattainable at a comparable price. 

The AD592 can be employed in applications between - 25*'C 
and + lOS^C where conventional temperature sensors (i.e., ther- 
mistor, RTD, thermocouple, diode) are currently being used. 
The inherent low cost of a monolithic integrated circuit in a 
plastic package, combined with a low total parts count in any 
given application, make the AD592 the most cost effective tem- 
perature transducer currently available. Expensive linearization 
circuitry, precision voltage references, bridge components, resis- 
tance measuring circuitry and cold junction compensation are 
not required with the AD592. 

Typical appUcation areas include; appUance temperature sensing, 
automotive temperature measurement and control, HVAC (heat- 
ing/ventilating/air conditioning) system monitoring, industrial 
temperature control, thermocouple cold junction compensation, 
board-level electronics temperature diagnostics, temperature 
readout options in instrumentation, and temperature correction 
circuitry for precision electronics. Particularily useful in remote 
sensing applications, the AD592 is immune to voltage drops and 
voltage noise over long lines due to its high impedance current 
output. AD592s can easily be multiplexed; the signal current 
can be switched by a CMOS multiplexer or the supply voltage 
can be enabled with a tri-state logic gate. 



The AD592 is available in three performance grades; the 
AD592AN, AD592BNand AD592CN. AU devices are packaged 
in a plastic TO-92 case rated from - 45°C to + 125X. Performance 
is specified from -25°C to + 105°C. AD592 chips are also 
available, contact the factory for details. 

PRODUCT HIGHLIGHTS 

1. With a single supply (4V to 30V) the AD592 offers O.SX 
temperature measurement accuracy. 

2. A wide operating temperature range (-25*'C to + lOS^C) and 
highly Unear output make the AD592 an ideal substitute for 
older, more limited sensor technologies (i.e., thermistors, 
RTDs, diodes, thermocouples). 

3. The AD592 is electrically rugged; supply irregularities and 
variations or reverse voltages up to 20V will not damage the 
device. 

4. Because the AD592 is a temperature dependent ciu*rent source, 
it is inunune to voltage noise pickup and IR drops in the 
signal leads when used remotely. 

5. The high output impedance of the AD592 provides greater 
than O.SXA/^ rejection of supply voltage drift and ripple. 

6. Laser wafer trimming and temperature testing insures that 
AD592 units are easily interchangeable. 

7. Initial system accuracy will not degrade significantly over 
time. The AD592 has proven long term performance and 
repeatabiUty advantages inherent in integrated circuit design 
and construction. 



•Ck>vered by Patent No. 4,123,698. 
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, Vs=5V, unless otheivrise noted) 










AD592AN 


AD592BN 


AD592CN 




Model 


Min Typ 


Max 


Min Typ Max 


Min Typ 


Max 


Units 


ACCURACY 














Calibration Error ©25°^ 


1.5 


2.5 


0.7 1.0 


0.3 


0.5 


"C 


TA = 0to+70°C 














Error over Temperature 


1.8 


3.0 


0.8 1.5 


0.4 


0.8 


°C 


Nonlinearity^ 


0.15 


0.35 


0.1 0.25 


0.05 


0.15 


°C 


Ta= -25to + 105°C 














Error over Temperature' 


2.0 


3.5 


0.9 2.0 


0.5 


1.0 


°C 


Nonlinearity^ 


0.25 


0.5 


0.2 0.4 


0.1 


0.35 


°C 


OUTPUT CHARACTERISTICS 














Nominal Current Output 














@25°C(298.2K) 


298.2 




298 2 


298.2 




f^A , 


Temperature Coefficient 


1 




1 


1 




^iA/°C 


Repeatability'* 




0.1 


0.1 




0.1 


°C 


Long Term Stability^ 




0.1 


0.1 




0.1 


°C/month 


ABSOLUTE MAXIMUM RATINGS 














Operating Temperature 


-25 


+ 105 


-25 +105 


-25 


+ 105 


°C 


Package Temperature^ 


-45 


+ 125 


-45 +125 


-45 


+ 125 


°C 


Forward Voltage ( + to - ) 




44 


44 




44 


V 


Reverse Voltage (- to +) 




20 


20 




20 


V 


Lead Temperature 














(Soldering 10 sec) 




300 


300 




300 


°C 


POWER SUPPLY 














Operating Voltage Range 


4 


30 


4 30 


4 


30 


V 


Power Supply Rejection 














+ 4V<Vs< + 5V 




0.5 


0.5 




0.5 


°c/v 


+ 5V<Vs< + 15V 




0.2 


0.2 




0.2 


°C/Y 


+ 15V<Vs< + 30V 




0.1 


0.1 




0.1 


°C/V 



NOTES 

'An external calibration trim can be used to zero the error @25°C. 
^Defined as the maximum deviation from a mathematically best fit line. 
^Parameter tested on all production units at + 105°C only. C grade at 

-25°Calso. 
^Maximum deviation between + 25°C readings after a temperamre cycle 

between -45''Cand + 125''C. Errors ofthis type are noncummulative. 
'Operation @ 125°C, error over time is noncummuladve. 



^Although performance is not specified beyond the operating temperature range, temperature 
excursions within the package temperature range will not damage the device. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri- 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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TEMPERATURE SCALE CONVERSION EQUATIONS 



°F = -f°C+32 



K= C+273.15 
°R = °F +459.7 
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Typical Performance Curves 



Typical @ Vs = +5V 
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AD592CN Accuracy Over Temperature 



AD592BN Accuracy Over Temperature 
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AD592AN Accuracy Over Temperature 




Long-Term Stability @ 85°C and 85% Relative Humidity 
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Model 


Package 
Option 1 


Max( 

Error 


AD592CN 
AD592BN 
AD592AN 


TO-92 
TO-92 
TO-92 


0.5°C 
l.OX 

2.5°C 


NOTE 







500 1000 1500 2000 
TIME - Hours 

Long-Term Stability @ 125''C 

AD592 ORDERING GUIDE 

Max Error Max Nonlinearity 

Error @25X - 25X to -h 105°C -25Xto+105X 

1.0°C 0.35°C 

2.0°C 0.4°C 

3.5°C 0.5°C 



See Section 16 for package outline information. 
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THEORY OF OPERATION 

The AD592 uses a fundamental property of silicon transistors to 
realize its temperature proportional output. If two identical 
transistors are operated at a constant ratio of collector current 
densities, r, then the difference in base-emitter voltages will be 
(kT/q)(ln r). Since both k, Boltzman's constant and q, the charge 
of an electron are constant, the resulting voltage is directly 
Proportional To Absolute Temperature (PTAT). In the AD592 
this difference voltage is converted to a PTAT current by low 
temperature coefficient thin film resistors. This PTAT current 
is then used to force the total output current to be proportional 
to degrees Kelvin. The result is a current source with an output 
equal to a scale factor times the temperature (K) of the sensor. 
A typical V-I plot of the circuit at -+- 25**C and the temperature 
extremes is shown in Figure 1 . 
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Figure 1. V-I Characteristics 

Factory trimming of the scale factor to 1|jlA/K is accomplished 
at the wafer level by adjusting the AD592's temperature reading 
so it corresponds to the actual temperature. During laser trimming 
the IC is at a temperature within a few degrees of 25°C and is 
powered by a 5V supply. The device is then packaged and 
automatically temperature tested to specification. 

FACTORS AFFECTING AD592 SYSTEM PRECISION 

The accuracy limits given on the Specifications page for the 
AD592 makes it easy to apply in a variety of diverse applications. 
To calculate a total error budget in a given system it is important 
to correctly interpret the accuracy specifications, nonline^rity 
errors, the response of the circuit to supply voltage variations 
and the effect of the surroimding thermal environment. As with 
other electronic designs external component selection will have a 
major effect on accuracy. 

CALIBRATION ERROR, ABSOLUTE ACCURACY AND 
NONLINEARITY SPECIFICATIONS 

Three primary limits of error are given for the AD592 such that 
the correct grade for any given application can easily be chosen 
for the overall level of accuracy required. They are the calibration 
accuracy at 25°C, and the error over temperature from to 70°C 
and — 25°C to + 105°C. These specifications correspond to the 
actual error the user would see if the current output of a AD592 
were converted to a voltage with a precision resistor. Note that 
the maximiun error at room temperature, over the commercial 
IC temperature range, or an extended range including the boiling 
point of water, can be directly read from the Specifications 
Table. All three error limits are a combination of initial error. 



scale factor variation and nonlinearity deviation from the ideal 
1^,A/K output. Figure 2 graphically depicts the guaranteed 
limits of accuracy for an AD592CN. 




TEMPERATURE - °C 



Figure 2. Error Specifications (AD592CN) 

The AD592 has a highly linear output in comparison to older 
technology sensors (i.e., thermistors, RTDs and thermocouples), 
thus a nonlinearity error specification is separated from the 
absolute accuracy given over temperature. As a maximum deviation 
from a best-fit straight line this specification represents the only 
error which cannot be trimmed out. Figure 3 is a plot of typical 
AD592CN nonlinearity over the full rated temperature range. 
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Figure 3. Nonlinearity Error (AD592CN) 

TRIMMING FOR HIGHER ACCURACY 

Cahbration error at 25°C can be removed with a single temperature 
trim. Figure 4 shows how to adjust the AD592's scale factor in 
the basic voltage output circuit. 



+ 

VouT = 1mV/K 



Figure 4. Basic Voltage Output (Single Temperature Trim) 
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To trim the circuit the temperature must be measured by a 
reference sensor and the value of R should be adjusted so the 
output (Vout) corresponds to ImV/K. Note that the trim proce- 
dure should be implemented as close as possible to the temperature 
highest accuracy is desired for. In most applications if a single 
temperature trim is desired it can be implemented where the 
AD592 current-to-output voltage conversion takes place (e.g., 
output resistor, offset to an op amp). Figure 5 illustrates the 
effect on total error when using this technique. 
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TEMPERATURE - "C 

Figure 5. Effect of Scale Factor Trim on Accuracy 

If greater accuracy is desired, initial caUbration and scale factor 
errors can be removed by using the AD592 in the circuit of 
Figure 6. 




Vout = 100m V/°C 



Figure 6. Two Temperature Trim Circuit 

With the transducer at 0°C adjustment of Rl for a OV output 
nulls the initial caUbration error and shifts the output from K to 
°C. Tweaking the gain of the circuit at an elevated temperature 
by adjusting R2 trims out scale factor error. The only error 
remaining over the temperature range being trinmied for is 
nonlinearity. A typical plot of two trim accuracy is given in 
Figure 7. 

SUPPLY VOLTAGE AND THERMAL ENVIRONMENT 
EFFECTS 

The power supply rejection characteristics of the AD592 minimizes 
errors due to voltage irregularity, ripple and noise. If a supply is 
used other than 5V (used in factory trinmiing), the power supply 
error can be removed with a single temperature trim. The FT AT 
nature of the AD592 will remain unchanged. The general insen- 
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Figure 7. Typical Two Trim Accuracy 

sitivity of the output allows the use of lower cost unregulated 
suppUes and means that a series resistance of several hundred 
ohms (e.g., CMOS multiplexer, meter coil resistance) will not 
degrade the overall performance. 

The thermal environment in which the AD592 is used determines 
two performance traits: the effect of self-heating on accuracy 
and the response time of the sensor to rapid changes in temperature. 
In the first case, a rise in the IC junction temperature above the 
ambient temperature is a function of two variables; the power 
consimiption level of the circuit and the thermal resistance 
between the chip and the ambient environment (6ja)- Self-heating 
error in °C can be derived by multiplying the power dissipation 
by 0JA. Because errors of this type can vary widely for surroundings 
with different heat sinking capacities it is necessary to specify 
BjA under several conditions. Table I shows how the magnitude 
of self-heating error varies relative to the environment. In typical 
free air applications at 25**C with a 5V supply the magnitude of 
the error is 0.2°C or less. A common cUp-on heat sink will 
reduce the error by 25% or more in critical high temperature, 
large supply voltage situations. 



Medium 


OjACC/watt) 


T(S 


Still Air 






Without Heat Sink 


175 


60 


With Heat Sink 


130 


55 


Moving Air 






Without Heat Sink 


60 


12 


With Heat Sink 


40 


10 


Fluorinert Liquid 


35 


5 


Aluminum Block** 


30 


2.4 



*T is an average of five time constants (99.3% of final value). In cases where 
the thermal response is not a simple exponential fimction, the actual thermal 
response may be better than indicated. 
**With thermal grease. 

Table I. Thermal Characteristics 
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Response of the AD592 output to abrupt changes in ambient 
temperature can be modeled by a single time constant t exponential 
function. Figure 8 shows typical response time plots for several 
media of interest. 
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Figure 8. Thermal Response Curves 

The time constant, t, is dependent on 0ja and the thermal 
capacities of the chip and the package. Table I Usts the effective 
T (time to reach 63.2% of the final value) for several different 
media. Copper printed circuit board connections where neglected 
in the analysis, however, they will sink or conduct heat directly 
through the AD592's solder dipped Kovar leads. When faster 
response is required a thermally conductive grease or glue between 
the AD592 and the surface temperature being measured should 
be used. In free air applications a clip-on heat sink will decrease 
output stabiHzation time by 10-20%. 

MOUNTING CONSIDERATIONS 

If the AD592 is thermally attached and properly protected, it 
can be used in any temperature measuring situation where the 
maximum range of temperatures encoimtered is between - 25°C 
and + lOS^'C. Because plastic IC packaging technology is employed, 
excessive mechanical stress must be safeguarded against when 
fastening the device with a clamp or screw-on heat tab. Thermally 
conductive epoxy or glue is recommended under typical mounting 
conditions. In wet or corrosive environments any electrically 
isolated metal or ceramic well can be used to shield the AD592. 
Condensation at cold temperatures can cause leakage current 
related errors and should be avoided by sealing the device in 
nonconductive epoxy paint or dips. 

APPLICATIONS 

Connecting several AD592 devices in parallel adds the currents 
through them and produces a reading proportional to the average 
temperature. Series AD592s will indicate the lowest temperature 
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because the coldest device limits the series current flowing through 
the sensors. Both of these circuits are depicted in Figure 9. 

The circuit of Figure 10 demonstrates a method in which 
a voltage output can be derived in a differential temperature 
measurement. 
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Figure 10. Differential Measurements 

Rl can be used to trim out the inherent offset between the two 
devices. By increasing the gain resistor (lOkH) temperature 
measurements can be made with higher resolution. If the mag- 
nitude of V + and V - is not the same, the difference in power 
consumption between the two devices can cause a differential 
self-heating error. 

Cold jimction compensation (CJC) used in thermocouple signal 
conditioning can be implemented using an AD592 in the circuit 
configuration of Figure 11. Expensive simulated ice baths or 
hard to trim, inaccurate bridge circuits are no longer required. 




THERMOCOUPLE 
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52ft 




41ft 




41ft 




61ft 




6ft 




6ft 




Figure 9. Average and Minimum Temperature 
Connections 



Figure 1 1. Thermocouple Cold Junction Compensation 

The circuit shown can be optimized for any ambient temperature 
range or thermocouple type by simply selecting the correct 
value for the scaling resistor - R. The AD592 output (1jjlA/K) 
times R should approximate the line best fit to the thermocouple 
curve (slope in V/°C) over the most likely ambient temperature 
range. Additionally, the output sensitivity can be chosen by 
selecting the resistors Rgi and Rg2 for the desired noninverting 
gain. The offset adjustment shown simply references the AD592 
to °C. Note that the TC's of the reference and the resistors are 
the primary contributors to error. Temperature rejection of 40 
to 1 can be easily achieved using the above technique. 

Although the AD592 offers a noise immune current output, it is 
not compatible with process control/industrial automation current 
loop standards. Figure 12 is an example of a temperature to 4- 
20mA transmitter for use with 40V, IkO systems. 

In this circuit the IjjiA/K output of the AD592 is amplified to 
lmA/°C and offset so that 4mA is equivalent to 17°C and 20mA 
is equivalent to 33°C. Rt is trimmed for proper reading at an 
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^^JZavV O-20V 



Figure 12. Temperature to 4^20mA Current Transmitter 

intermediate reference temperature. With a suitable choice of 
resistors, any temperature range within the operating limits of 
the AD592 may be chosen. 

Reading temperature with an AD592 in a microprocessor based 
system can be implemented with the circuit shown in Figure 13. 




IjiP CONTROL 

Figure 13. Temperature to Digital Output 

By using a differential input A/D converter and choosing the 
current to voltage conversion resistor correctly any range of 
temperatures (up to the BOX span the AD592 is rated for) 
centered at any point can be measiured using a minimal number 
of components. In this configuration the system will resolve up 

to rc. 

A variable temperature controlling thermostat can easily be built 
using the AD592 in the circuit of Figure 14. 

RfflGH and Rlow determine the limits of temperature controlled 
by the potentiometer Rset- The circuit shown operates over the 
full temperature range (-25*'C to + 105°C) the AD592 is rated 
for. The reference maintains a constant set point voltage and 
insures that approximately 7V appears across the sensor. If it is 
necessary to guardband for extraneous noise hysteresis can be 
added by tying a resistor from the output to the ungrounded 
end of Rlow- 




TEMP>SETPOINT 
OUTPUT HIGH 
O 
I TEMP<SETPOINT 
I OUTPUT LOW 



Figure 14. Variable Temperature Thermostat 

Multiple remote temperatures can be measured using several 
AD592s with a CMOS midtiplexer or a series of 5V logic gates 
because of the device's current-mode output and supply-voltage 
compliance range. The on-resistance of a FET switch or output 
impedance of a gate will not effect the accuracy, as long as 4V is 
maintained across the transducer. MUXs and logic driving circuits 
should be chosen to minimize leakage current related errors. 
Figure 15 illustrates a locally controlled MUX switching the 
signal current from several remote AD592s. CMOS or TTL 
gates can also be used to switch the AD592 supply voltages, 
with the multiplexed signal being transmitted over a single 
twisted pair to the load. 




Figure 15. Remote Temperature Multiplexing 

To minimize the number of MUXs required when a large niunber 
of AD592s are being used, the circuit can be configured in a 
matrix. That is, a decoder can be used to switch the supply 
voltage to a coliunn of AD592s while a MUX is used to control 
which row of sensors are being measured. The maximum number 
of AD592s which can be used is the product of the number of 
channels of the decoder and MUX. 
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An example circuit controlling 80 AD592s is shown in Figure 
16. A 7-bit digital word is all that is required to select one of 
the sensors. The enable input of the multiplexer turns all the 
sensors off for minimum dissipation while idling. 
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To convert the AD592 output to X or °F a single inexpensive 
reference and op amp can be used as shown in Figure 17. Although 
this circuit is similar to the two temperature trim circuit shown 
in Figure 6, two important differences exist. First, the gain 
resistor is fixed alleviating the need for an elevated temperature 
trim. Acceptable accuracy can be achieved by choosing an inex- 
pensive resistor with the correct tolerance. Second, the AD592 
calibration error can be trinmied out at a known convenient 
temperature (i.e., room temperature) with a single pot adjustment. 
This step is independent of the gain selection. 




Figure 17. Celsius or Fahrentieit Thermometer 



Figure 16. l\/latrix Multiplexer 
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V/I Transmitters 




Sensor 






Hybrid 








Model 


Loop Power 


Local Power 


Isolated 


Excitation 


Sensor Type(s) 


IC 


Package 


Module 


Page 


AD594/AD595 










TC 


X 








-5 


AD596/AD597 










TC 


X 








-13 


AD693 


X 






X 


mV:All 


X 








-19 

1 


1B21 


X 




X 










X 




-31 


1B22 




X 


X 










X 




-35 


1B31 








X 


Strain Gage 




X 






-37 


1B32 








X 


Strain Gage, RTD 




X 






-45 


1B41 






X 


X 


RTD 






X 




-53= 


1B51 






X 




TC,mV 






X 




-55 


2B20 




X 












X 




-59 


2B22 




X 


X 










X 




-63 


2B23 




X 


X 










X 




-67 


2B24 


X 




X 










X 




-87 


2B30 










Strain Gage, RTD 






X 




-71 


2B31 








X 


Strain Gage, RTD 






X 




-71 


2B50 






X 




TC,mV 






X 




-77 


2B52 


X 




X 




TC,mV 






X 




-87 


2B53 


X 








TC,mV 






X 




-87 


2B54/2B55 






X 




mV,4-channel 






X 




-81 


2B57 


X 






X 


Solid State (AD590) 






X 




-87 


2B58 








X 


3-wireRTD 






X 




-87 


2B59 


X 






X 


2-wire RTD 






X 




-87 


3B Series 








— See Orientation — 










-89 


4B Series 








— See Orientation — 










-93 


5B Series 








— See Orientation — 










-95 
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Orientation 

Signal Conditioning Components & Subsystems 



Signal conditioners provide an analog interface between sensors 
and the systems they serve. They amplify signals, provide zero 
suppression where necessary, introduce electrical isolation, furnish 
excitation for passive transducers and provide analog outputs in 
the form required by the system - either voltage or current - at 
appropriate levels. 

The most popular sensors are thermocouples, RTDs (resistance 
tem'^erature detectors^ and strain "■a^es* the' are low-level devices 
requiring precision amplification with low drift and noise. A 
useful discussion of their properties and signal-conditioning 
requirements can be found in the Analog Devices Transducer 
Interfacing Handbook (1980, $14.50 postpaid), available from 
P.O.Box 796, Norwood MA 02062. 

Signal-conditioning circuits can be assembled using many of the 
precision products to be found in this databook, such as operational 
amplifiers, instrumentation amplifiers, and isolation amplifiers, 
along with other electronic circuit elements and appropriate 
hardware. However, many system designers have found that 
with less expenditure of valuable engineering talent, excellent, 
reliable results can be achieved at lower cost by purchasing 
complete dedicated signal conditioners with fully specified per- 
formance in standard packages. 

The general requirements for signal conditioners include the 
usual precision electrical characteristics, such as high gain, low 
drift and noise, accurate scale factors and fast - or filtered - 
response. Quite often, electrical isolation must be provided 
between the point of measurement and the system; besides 
maximizing common-mode rejection, this can provide protection 
of people and equipment. Where ruggedness and safety are 
involved, it may be useful to choose products, when available, 
that meet appropriate standards developed by such entities as 
IEEE and Factory Mutual Insurance Company. 

Many sensors require auxiliary circuitry; for example, ther- 
mocouples require a constant-temperature reference junction or 
an equivalent "ice-point" reference circuit, and strain gages and 
RTDs are passive devices that need excitation. Although the 
results of a measurement may be produced - and are ultimately 
needed - in the form of voltage, they may have to be transmitted 
as a varying current with a standard span, such as 4 to 20mA; 
often the power for such current loops is furnished to the sensor 
and its conditioner from the remote destination. 

Another requirement arises from the fact that systems often 
involve many diverse channels of measurement. Such systems 
need a family of signal conditioners to meet the multiplicity of 
functional needs, yet it is desirable that they be compactly and 
ruggedly housed, modular, provided with a power supply and 
capable of being interchanged as system needs change. It is for 
such applications that the 3B, 4B and 5B families and their 
housings were designed. 

The selection guide lists the available devices that are recommended 
for new system designs, along with their salient features; detailed 
information will be found in the data sheets. Examples of such 
devices include conditioners for thermocouples, RTDs, strain 
gages, and low (mV)-level signal sources and current transmitters 
that convert the signal information to 4-20mA or 0-20mA currents 



for loops requiring analog information in that form. If a modular 
subsystem is desired, selection information for choosing specific 
modules within the 3B, 4B and 5B families will be found in the 
family data sheets. 

The individually listed devices are manufactured in various 
forms, ranging from monolithic integrated circuits (AD594/595/ 
596/597 and AD693) to devices in dual in-line packages - using 
hybrid and surface-mount technologies - to modules Vv'ith either 
pins for chassis wiring or screw terminals for field wiring. 

The 3B Series is an integrated modular signal-conditioning sub- 
system consisting of a series of color-coded functionally complete 
plug-in mix-and-match input and output modules on a universal 
backplane available for mounting in either rugged industrial 
chassis or a standard rack. The backplane connects directly to 
field wiring via screw terminals and to the system destination 
via connectors. A standard 19" relay rack mount will hold 16 
modules; 8- and 4-module units are also available. Among the 
characteristics of the modules are input protection, low-pass 
filtering, ± 1 |xV/°C zero drift, and galvanic isolation to ± 1 ,500 
volts peak. The output modules translate high-level voltage 
inputs to standard process-current levels (0-20mA or 4-20mA) 
with accuracy to within 0.1%. 

The 4B Series Alarm Limit Subsystem is compatible in physical 
appearance with the 3B Series. Alarm units accept signals from 
3B Series voltage or process outputs - or high-level outputs 
from other sensor circuitry; they make decisions and produce 
output indications for alarm or on-off control when monitored 
conditions fall outside specified limits. Typical applications 
include process control, factory automation, energy management, 
and data acquisition and control. The 4B Series subsystem com- 
prises a backplane and a family of plug-in mix-and-match alarm 
limit modules (up to 12 per rack or four per 4-channel 
backplane). 

The SB Series of modules comprises a family of plug-in single- 
channel signal conditioners for sensors that perform complete 
signal-conditioning functions optimized for the nature of each 
device's specified input. Characterized by high performance, 
small size and low price, they are ideal for monitoring such 
analog quantities as temperature, pressure and flow in industrial 
data-acquisition applications. 

They are isolated (1,500 volts rms), operate from single 5 -volt 
supplies and have ± 0.05% calibration accuracy; they are identical 
in size (2.25" x 2.25" x 0.60") and pinout. Physically compatible 
backplanes will hold as many as 16 units in a 19" rack-mount 
space 3 1/2" high. Signal-conditioning functions include input 
protection, filtering, chopper-stabilized low-drift amplification, 
isolation, linearization for RTD and thermocouple inputs and 
excitation for passive sensors. 

5B Series modules have 240- volt protection for all field termina- 
tions. All feature excellent common-mode rejection, meet IEEE 
472-1974 surge-withstand specs and operate over the -40°C to 
+ 85°C ambient temperature range. They are physically rugged, 
with sturdy 0.04' pin connections and no adjustment poten- 
tiometers to compromise accuracy and system integrity; they are 
secured with a single self-contained mounting screw. 
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ANALXX3 
DEVICES 



Monolithic Tliennocouple Amplifiers 
with Cold Junction Compensation 



AD594*/AD595' 



FEATURES 

Pretrimmed for Type J (AD594) or 
Type K (AD595) Thermocouples 
Can Be Used with Type T Thermocouple Inputs 
Low Impedance Voltage Output: 10m V/X 
Built-in Ice Point Compensation 
Wide Power Supply Range: +5V to ±15V 
Low Power: <lmW typical 
Thermocouple Failure Alarm 
Laser Wafer Trimmed to IX Calibration Accuracy 
Set-Point Mode Operation 
Self-Contained Celsius Thermometer Operation 
High Impedance Differential Input 
Side-Brazed DIP or Low Cost Cerdip 



AD594/AD595 FUNCTIONAL BLOCK DIAGRAM 



-IN -ALM -t-ALM V+ COMP VO FB 

m m nri nri noi fyi m 




U- I I 21 I 3 I U I I 5 I I 6 I i 7T 
+IN +C +T COM -T -C V- 



PRODUCT DESCRIPTION 

The AD594/AD595 is a complete instrumentation amplifier and 
thermocouple cold junction compensator on a monolithic chip. 
It combines an ice point reference with a precalibrated amplifier 
to produce a high level (10mV/°C) output directly from a ther- 
mocouple signal. Pin-strapping options allow it to be used as a 
linear amplifier-compensator or as a switched output set-point 
controller using either fixed or remote set-point control. It can 
be used to amplify its compensation voltage directly, thereby 
converting it to a stand-alone Celsius transducer with a low-im- 
pedance voltage output. 

The AD594/AD595 includes a thermocouple failure alarm that 
indicates if one or both thermocouple leads become open. The 
alarm output has a flexible format which includes TTL drive 
capability. 

The AD594/AD595 can be powered from a single ended supply 
(including + 5V) and by including a negative supply, temperatures 
below 0°C can be measured. To minimize self-heating, an unloaded 
AD594/AD595 will typically operate with a total supply current 
of 160|xA, but is also capable of delivering in excess of ± 5mA 
to a load. 

The AD594 is precalibrated by laser wafer trimming to match 
the characteristic of type J (iron-constantan) thermocouples and 
the AD595 is laser trimmed for type K (chromel-alumel) inputs. 
The temperature transducer voltages and gain control resistors 
are available at the package pins so that the circuit can be re- 
calibrated for other thermocouple types by the addition of two 
or three resistors. These terminals also allow more precise cali- 
bration for both thermocouple and thermometer applications. 

♦Protected by U.S. Patent No. 4,029,974. 



The AD594/AD595 is available in two performance grades. The 
C and the A versions have calibration accuracies of ± 1°C and 
± 3°C, respectively. Both are designed to be used from to 
+ 50°C, and are available in 14-pin, hermetically sealed, side- 
brazed ceramic DIPs as well as low cost cerdip packages. 

PRODUCT HIGHLIGHTS 

1. The AD594/AD595 provides cold junction compensation, 
amplification, and an output buffer in a single IC package. 

2. Compensation, zero, and scale factor are all precalibrated by 
laser wafer trimming (LWT) of each IC chip. 

3. Flexible pin-out provides for operation as a set-point controller 
or a stand-alone temperature transducer calibrated in degrees 
Celsius. 

4. Operation at remote application sites is facilitated by low 
quiescent current and a wide supply voltage range of + 5V to 
dual supplies spanning 30V. 

5. Differential input rejects common-mode noise voltage on the 
thermocouple leads. 
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SPECIFICATIONS 



(@ +25n: and Vs = 5V, Type J (AD594), Type K (AD595) Theimocoupie, unless othemise noted) 



Model 


AD594A 


AD594C 


AD595A 


AD595C 






Min Typ Max 


Min Typ Max 


Min Typ Max 


Min Typ Max 


Units 


ABSOLUTE MAXIMUM RATINGS 












+ Vsto-Vs 


36 


36 


36 


36 


Volts 


Common-Mode Input Voltage 


-Vs-0.15 +Vs 


-Vs-0.15 +Vs 


-Vs-0.15 +Vs' 


-Vs-0.15 +Vs 


Volts 


Differential Input Voltage 


-Vs +Vs 


-Vs +Vs 


-Vs +Vs 


-Vs +Vs 


Volts 


Alarm Voltages 












+ ALM 


-Vs -Vs+36 


-Vs -Vs+36 


-Vs -Vs+36 


-Vs -Vs+36 


Volts 


-ALM 


-Vs +Vs 


-Vs +Vs 


-Vs +Vs 


-Vs +Vs 


Volts 


Operatmg Temperature Range 


-55 +125 


-55 +125 


-55 +125 


-55 +125 


"C 


Output Short Circuit to Common 


Indefinite 


Indefimte 


Indefinite 


Indefimte 




TEMPERATURE MEASUREMENT 












(Specified Temperature Range 












Oto+50°C) 












Calibration Error at ) 25°C' 


J.3 


li 


x5 


±i 


"C 


Stability vs Temperature^ 


±0.05 


±0.025 


±0.05 


±0.025 


''C/^C 


Gain Error 


±L5 


±0.75 


±1.5 


±0.75 


% 


Nominal Transfer Function 


10 


10 


10 


10 


mV/°C 


AMPLIFIER CHARACTERISTICS 












Closed Loop Gam^ 


193.4 


193.4 


247.3 


247.3 




Input Offset Voltage 


(Temperature m °C) x 5 1 . 70jiL V/°C 


(Temperature m °C) x 5 1 . 70^lV/°C 


(Temperature in °C) x 40.44jiV/°C 


(Temperature m °C) x 40.44jjlV/°C 


H.V 


Input Bias Current 


0.1 


0.1 


0.1 


0.1 


fvA 


Differential Input Range 


-10 +50 




-10 +50 


-10 +50 


mV 


Common-Mode Range 


-Vs -0.15 +Vs -4 


-Vs-0.15 +Vs-4 


-Vs-0.15 +Vs-4 


-Vs-0.15 +Vs-4 


Volts 


Common-Mode Sensitivity-RTO 


10 


10 


10 


10 


mVA^ 


Power Supply Sensitmty-RTO 


10 


10 


10 


10 


mVA^ 


Output Voltage Range 












Dual Supplies 


-Vs+2.5 +Vs-2 


-Vs+2.5 +Vs-2 


-Vs+2.5 +Vs-2 


-Vs+2.5 +Vs-2 


Volts 


Single Supply 


+Vs-2 


+Vs-2 


+Vs+2 


+Vs-2 


Volts 


Usable Output Current" 


±5 


±5 


±5 


±5 


mA 


3dB Bandwidth 


15 


15 


15 


15 


kHz 


ALARM CHARACTERISTICS 












VcE(SAT)at2mA 


0.3 


0.3 


03 


0.3 


Volts 


Leakage Current 


±1 


±1 


±1 


±1 


(jiAmax 


Operating Voltage at -ALM 


+ Vs-4 


+ Vs-4 


+ Vs-4 


+ Vs-4 


Volts 


Short Cu-cuit Current 


20 


20 


20 


20 


mA 


POWER REQUIREMENTS 












Specified Performance 


+ Vs = 5,-Vs = 


+ Vs = 5,-Vs = 


+ Vs = 5,-Vs = 


+ Vs = 5,-Vs = 


Volts 


Operatmg' 


+ Vsto-Vss30 


+ Vsto-Vss30 


+ Vsto-Vs<30 


+ Vsto-Vs^30 


Volts 


Quiescent Current (No Load) 












+ Vs 


160 300 


160 300 


160 300 


160 300 


V.A 


-Vs 


100 


100 


100 


100 


^tA 


PACKAGE OPTIONS'* 












TO-116(D-14) 


AD594AD 


AD594CD 


AD595AD 


AD595CD 




Cerdip(Q-14) 


AD594AQ 


AD594CQ 


AD595AQ 


AD595CQ 





NOTES 

'Cahbrated for minimum error at +25°C using a thermocouple sensitivity of 51.7jjlV/°C 

Since a J type thermocouple deviates from this straight line approximation, the AD594 

will normally read 3.1mV when the measuring junction is at 0°C The AD595 will 

similarly read 2.7mV at 0°C. 
^Defined as the slope of the line connecting the AD594/AD595 errors measured at 

0°C and SCO ambient temperature. 
'Pm 8 shorted to pin 9. 



"Current Smk Capabihty in single supply configuration is limited to current drawn to 
ground through a SOkO resistor at output voltages below 2 SV. 
'- Vs must not exceed - 16.5V. 
*See Section 16 for package outhne mformation 
Specifications subject to change without notice 

Specifications shown m boldface are tested on all production units at final 
electrical test Results from those tests are used to calculate outgoing quality 
levels. All mm and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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Thermocouple 


TypeJ 


AD594 


TypeK 


AD595 


Thermocouple 


TypeJ 


AD594 


TypeK 


AD595 


Temperature 


Voltage 


Output 


Voltage 


Output 


Temperature 


Voltage 


Output 


Voltage 


Output 


°C 


mV 


mV 


mV 


mV 


°C 


mV 


mV 


mV 


mV 


- 200 


- 7.890 


-1523 


- 5.891 


-1454 


500 


27.388 


5300 


20.640 


5107 


- 180 


- 7.402 


-1428 


- 5.550 


-1370 


520 


28 511 


5517 


21.493 


5318 


- 160 


- 6.821 


-1316 


- 5.141 


-1269 


540 


29.642 


5736 


22.346 


5529 


- 140 


- 6.159 


-1188 


- 4 669 


-1152 


560 


30.782 


5956 


23.198 


5740 


- 120 


- 5 426 


-1046 


- 4.138 


-1021 


580 


31.933 


6179 


24.050 


5950 


- 100 


- 4 632 


- 893 


- 3.553 


- 876 


600 


33.096 


6404 


24.902 


6161 


- 80 


- 3.785 


- 729 


- 2.920 


- 719 


620 


34.273 


6632 


25.751 


6371 


- 60 


- 2 892 


- 556 


- 2.243 


- 552 


640 


35.464 


6862 


26.599 


6581 


- 40 


- 1 960 


- 376 


- 1.527 


- 375 


660 


36.671 


7095 


27.445 


6790 


- 20 


- .995 


- 189 


- 777 


- 189 


680 


37 893 


7332 


28.288 


6998 


- 10 


- 501 


- 94 


- .392 


- 94 


700 


39.130 


7571 


28.128 


7206 








3.1 





2.7 


720 


40 382 


7813 


29.965 


7413 


10 


.507 


101 


.397 


101 


740 


41 647 


8058 


30.799 


7619 


20 


1 019 


200 


798 


200 


750 


42.283 


8181 


31 214 


7722 


25 


1 277 


250 


1.000 


250 


760 


- 


- 


31.629 


7825 


30 


1 536 


300 


1 203 


300 


780 


- 


- 


32.455 


8029 


40 


2 058 


401 


1 611 


401 


800 


- 


- 


33.277 


8232 


50 


2 585 


503 


2 022 


503 


820 


- 


- 


34.095 


8434 


60 


3 115 


606 


2.436 


605 


840 


- 


- 


34.909 


8636 


80 


4 186 


813 


3 266 


810 


860 


- 


- 


35.718 


8836 


100 


5 268 


1022 


4 095 


1015 


880 


- 


- 


36.524 


9035 


120 


6.359 


1233 


4.919 


1219 


900 


- 


- 


37.325 


9233 


140 


7 457 


1445 


5.733 


1420 


920 


- 


- 


38.122 


9430 


160 


8.560 


1659 


6.539 


1620 


940 


- 


- 


38.915 


9626 


180 


9.667 


1873 


7.338 


1817 


960 


- 


- 


39.703 


9821 


200 


10.777 


2087 


8.137 


2015 


980 


- 


- 


40.488 


10015 


220 


11.887 


2302 


8.938 


2213 


1000 


- 


- 


41.269 


10209 


240 


12 998 


2517 


9.745 


2413 


1020 


- 


- 


42 045 


10400 


260 


14 108 


2732 


10.560 


2614 


1040 


- 


- 


42.817 


10591 


280 


15 217 


2946 


11.381 


2817 


1060 


- 


- 


43.585 


10781 


300 


16.325 


3160 


12.207 


3022 


1080 


- 


- 


44.349 


10970 


320 


17.432 


3374 


13.039 


3327 


1100 


- 


- 


45.108 


11158 


340 


18.537 


3588 


13.874 


3434 


1120 


- 


- 


45.863 


11345 


360 


19.640 


3801 


14.712 


3641 


1140 


- 


- 


46.612 


11530 


380 


20.743 


4015 


15.552 


3849 


1160 


- 


- 


47.356 


11714 


400 


21.846 


4228 


16.395 


4057 


1180 


_ 


_ 


48.095 


11897 


420 


22.949 


4441 


17.241 


4266 


J200 


- 


- 


48.828 


12078 


440 


24.054 


4655 


18.088 


4476 


1220 


- 


- 


49.555 


12258 


460 
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Table I. Output Voltage vs. Thermocouple Temper- 
ature (Ambient +25X, Vs = -5V, +15V) 



INTERPRETING AD594/AD595 OUTPUT VOLTAGES 

To achieve a temperature proportional output of 10mV/°C and 
accurately compensate for the reference junction over the rated 
operating range of the circuit, the AD594/AD595 is gain trimmed 
to match the transfer characteristic of J and K type thermocouples 
at 25°C. For a type J output in this temperature range the TC is 
51.70(jlV/°C, while for a type K it is 40.44fjLV/°C. The resulting 
gain for the AD594 is 193.4 (10mV/°C divided by 51.7|jlV/°C) 
and for the AD595 is 247.3 (10mV/°C divided by 40.44|jlV/°C). 
In addition, an absolute accuracy trim induces an input offset to 
the output amplifier characteristic of 16|xV for the AD594 and 
1 IfxV for the AD595. This offset arises because the AD594/AD595 
is trimmed for a 250mV output while applying a 25°C thermocouple 
input. 

Because a thermocouple output voltage is nonlinear with respect 
to temperature, and the AD594/AD595 linearly amplifies the 
compensated signal, the following transfer functions should be 
used to determine the actual output voltages: 

AD594 output = (Type J Voltage + 16|jlV) x 193.4 



AD595 output = (Type K Voltage 4- IIjjlV) x 247.3 
or conversely: 

Type J voltage = (AD594 output / 193.4) - 16m.V 

Type K voltage = (AD595 output / 247.3) - ll|xV 

Table I above lists the ideal AD594/AD595 output voltages as a 
function of Celsius temperature for type J and K ANSI standard 
thermocouples, with the package and reference junction at 25°C. 
As is normally the case, these outputs are subject to caUbration, 
gain and temperature sensitivity errors. Output values for inter- 
mediate temperatures can be interpolated, or calculated using 
the output equations and ANSI thermocouple voltage tables 
referred to zero degrees Celsius. Due to a sHght variation in 
alloy content between ANSI type J and DIN Fe-CuNi ther- 
mocouples Table I should not be used in conjunction with Euro- 
pean standard thermocouples. Instead the transfer function 
given previously and a DIN thermocouple table should be used. 
ANSI type K and DIN NiCr-Ni thermocouples are composed 
of identical alloys and exhibit similar behavior. The upper tem- 
perature limits in Table I are those recommended for type J and 
type K thermocouples by the majority of vendors. 
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SINGLE AND DUAL SUPPLY CONNECTIONS 

The AD594/AD595 is a completely self-contained thermocouple 
conditioner. Using a single + 5V supply the interconnections 
shown in Figure 1 will provide a direct output from a type J 
thermocouple (AD594) or type K thermocouple (AD595) meas- 
uring from to + 300°C. 



CONST ANT AN 




Figure 1. Basic Connection, Single Supply Operation 

Any convenient supply voltage from + 5V to + 30V may be 
used, with self-heating errors being minimized at lower supply 
levels. In the single supply configuration the + 5V supply connects 
to pin 1 1 with the V - connection at pin 7 strapped to power 
and signal common at pin 4. The thermocouple wire inputs 
connect to pins 1 and 14 either directly from the measuring 
point or through intervening connections of similar thermocouple 
wire type. When the alarm output at pin 13 is not used it should 
be connected to common or -V. The precalibrated feedback 
network at pin 8 is tied to the output at pin 9 to provide a 
10mV/°C nominal temperature transfer characteristic. 

By using a wider ranging dual supply, as shown in Figure 2, the 
AD594/AD595 can be interfaced to thermocouples measuring 
both negative and extended positive temperatures. 

+5V TO+30V 
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J HI LU m LU LU bJ 



OTO -15V 

Figure 2. Dual Supply Operation 

With a negative supply the output can indicate negative temper- 
atures and drive grounded loads or loads returned to positive 
voltages. Increasing the positive supply from 5V to 15V extends 
the output voltage range well beyond the 750°C temperature 
limit recommended for type J thermocouples (AD594) and the 
1250°C for type K thermocouples (AD595). 

Common-mode voltages on the thermocouple inputs must remain 
within the common-mode range of the AD594/AD595, with a 
return path provided for the bias currents. If the thermocouple 
is not remotely grounded, then the dotted line connections in 
Figures 1 and 2 are recommended. A resistor may be needed in 
this connection to assure that common mode voltages induced in 
the thermocouple loop are not converted to normal mode. 



THERMOCOUPLE CONNECTIONS 

The isothermal terminating connections of a pair of themocouple 
wires forms an effective reference junction. This junction must 
be kept at the same temperature as the AD594/AD595 for the 
internal cold junction compensation to be effective. 

A method that provides for thermal equilibrium is the printed 
circuit board connection layout illustrated in Figure 3. 




Figure 3. PCB Connections 
Here the AD594/AD595 package temperature and circuit board 
are thermally contacted in the copper printed circuit board 
tracks under pins 1 and 14. The reference junction is now composed 
of a copper-constantan (or copper-alumel) connection and copper- 
iron (or copper-chromel) connection, both of which are at the 
same temperature as the AD594/AD595. 

The printed circuit board layout shown also provides for placement 
of optional alarm load resistors, recaUbration resistors and a 
compensation capacitor to limit bandwidth. 

To ensure secure bonding the thermocouple wire should be 
cleaned to remove oxidation prior to soldering. Noncorrosive 
rosin flux is effective with iron, constantan, chromel and alumel 
and the following solders: 95% tin-5% antimony, 95% tin-5% 
silver or 90% tin-10% lead. 

FUNCTIONAL DESCRIPTION 

The AD594 behaves like two differential amphfiers. The outputs 
are summed and used to control a high-gain amplifier, as shown 
in Figure 4. 

-IN -ALM +ALM V+ COMF VO FB 

nn HFi nn nn Hoi nn m 




AVW POINT 



"Tl I I 2| I 3 I \\\ Is I I 6 I |7 I 
+IN +C +T COM -T -C V- 

Figure 4. AD594/AD595 Block Diagram 

In normal operation the main amphfier output, at pin 9, is 
connected to the feedback network, at pin 8. Thermocouple 
signals applied to the floating input stage, at pins 1 and 14, are 
amplified by gain G of the differential amphfier and are then 
further ampUfied by gain A in the main amphfier. The output 
of the main amplifier is fed back to a second differential stage in 
an inverting connection. The feedback signal is amphfied by 
this stage and is also appUed to the main amphfier input through 
a summing circuit. Because of the inversion, the amphfier causes 
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the feedback to be driven to reduce this difference signal to a 
small value. The two differential amplifiers are made to match 
and have identical gains, G. As a result, the feedback signal that 
must be applied to the right-hand differential amplifier will 
precisely match the thermocouple input signal when the difference 
signal has been reduced to zero. The feedback network is trimmed 
so that the effective gain to the output, at pins 8 and 9, results 
in a voltage of 10mV/°C of thermocouple excitation. 

In addition to the feedback signal, a cold junction compensation 
voltage is applied to the right-hand differential amplifier. The 
compensation is a differential voltage proportional to the Celsius 
temperature of the AD594/AD595. This signal disturbs the 
differential input so that the amplifier output must adjust to 
restore the input to equal the applied thermocouple voltage. 

The compensation is applied through the gain scaling resistors 
so that its effect on the main output is also 10mV/°C. As a result, 
the compensation voltage adds to the effect of the thermocouple 
voltage a signal directly proportional to the difference between 
0°C and the AD594/AD595 temperature. If the thermocouple 
reference junction is maintained at the AD594/AD595 tempera- 
ture, the output of the AD594/AD595 will correspond to the 
reading that would have been obtained from amplification of a 
signal from a thermocouple referenced to an ice bath. 

The AD594/AD595 also includes an input open circuit detector 
that switches on an alarm transistor. This transistor is actually a 
current-limited output buffer, but can be used up to the limit as 
a switch transistor for either pull-up or pull-down operation of 
external alarms. 

The ice point compensation network has voltages available with 
positive and negative temperature coefficients. These voltages 
may be used with external resistors to modify the ice point 
compensation and recalibrate the AD594/AD595 as described in 
the next column. 

The feedback resistor is separately pinned out so that its value 
can be padded with a series resistor, or replaced with an external 
resistor between pins 5 and 9. External availability of the feedback 
resistor allows gain to be adjusted, and also permits the AD594/ 
AD595 to operate in a switching mode for set-point operation. 

CAUTIONS: 

The temperature compensation terminals ( + C and - C) at pins 
2 and 6 are provided to supply small calibration currents only. 
The AD594/AD595 may be permanently damaged if they are 
grounded or connected to a low impedance. 

The AD594/AD595 is internally frequency compensated for 
feedback ratios (corresponding to normal signal gain) of 75 or 
more. If a lower gain is desired, additional frequency compensation 
should be added in the form of a 300pF capacitor from pin 10 
to the output at pin 9. As shown in Figure 5 an additional 0.01 |xF 
capacitor between pins 10 and 1 1 is recommended. 



AD594/ 

AD595 vo(9)— , 




RECALIBRATION PRINCIPLES AND LIMITATIONS 

The ice point compensation network of the AD594/AD595 
produces a differential signal which is zero at 0°C and corresponds 
to the output of an ice referenced thermocouple at the temperature 
of the chip. The positive TC output of the circuit is proportional 
to Kelvin temperature and appears as a voltage at + T. It is 
possible to decrease this signal by loading it with a resistor from 
+ T to COM, or increase it with a pull-up resistor from + T to 
the larger positive TC voltage at +C. Note that adjustments to 
+ T should be made by measuring the voltage which tracks it at 
- T. To avoid destabilizing the feedback amplifier the measuring 
instrument should be isolated by a few thousand ohms in series 
with the lead connected to -T. 
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Figure 6. Decreased Sensitivity Adjustment 

Changing the positive TC half of the differential output of the 
compensation scheme shifts the zero point away from 0°C. The 
zero can be restored by adjusting the current flow into the negative 
input of the feedback amplifier, the -T pin. A current into this 
terminal can be produced with a resistor between - C and - T 
to balance an increase in +T, or a resistor from -T to COM to 
offset a decrease in +T. 

If the compensation is adjusted substantially to accommodate a 
different thermocouple type, its effect on the final output voltage 
will increase or decrease in proportion. To restore the nominal 
output to 10mV/°C the gain may be adjusted to match the new 
compensation and thermocouple input characteristics. When 
reducing the compensation the resistance between - T and 
COM automatically increases the gain to within 0.5% of the 
correct value. If a smaller gain is required, however, the nominal 
47kn internal feedback resistor can be paralleled or replaced 
with an external resistor. 

Fine calibration adjustments will require temperature response 
measurements of individual devices to assure accuracy. Major 
reconfigurations for other thermocouple types can be achieved 
without seriously compromising initial calibration accuracy, so 
long as the procedure is done at a fixed temperature using the 
factory calibration as a reference. It should be noted that inter- 
mediate recalibration conditions may require the use of a negative 
supply. An example using a type E thermocouple and an AD594 
is given on the next page. 
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Figure 5. Low Gain Frequency Compensation 
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EXAMPLE: TYPE E RECALIBRATION - AD594/AD595 

Both the AD594 and AD595 can be configured to condition the 
output of a type E (chromel-constantan) thermocouple. Temper- 
ature characteristics of type E thermocouples differ less from 
type J, than from type K, therefore the AD594 is preferred for 
recalibration. 

While maintaining the device at a constant temperature follow 
the recalibration steps given here. First, measure the device 
temperature by tying both inputs to common (or a selected 
common mode potential) and connecting FB to Vq. The AD594 
is now in the stand alone Celsius thermometer mode. For this 
example assume the ambient is 24°C and the initial output Vq is 
240m V. Check the output at Vq to verify that it corresponds to 
the temperature of the device. 

Next, measure the voltage - T at pin 5 with a high impedance 
DVM (capacitance should be isolated by a few thousand ohms 
of resistance at the measured terminals). At 24°C the -T voltage 
will be about 8.3mV. To adjust the compensation of an AD594 
to a type E thermocouple a resistor, Rl, should b^ connected 
between +T and +C, pins 2 and 3, to raise the voltage at -T 
by the ratio of thermocouple sensitivities. The ratio for converting 
a type J device to a type E characteristic is: 

r(AD594) =(60.9|xV/°C)/(51.7jJLVrC)= 1.18 

Thus, multiply the initial voltage measured at - T by r and 
experimentally determine the Rl value required to raise -T to 
that level. For the example the new - T voltage should be 
about 9.8mV. The resistance value should be approximately 
1.8kn. 

The zero differential point must now be shifted back to 0°C. 
This is accomplished by multiplying the original output voltage 
Vo by r and adjusting the measured output voltage to this value 
by experimentally adding a resistor, R2, between -C and -T, 
pins 5 and 6. The target output value in this case should be 
about 283mV. The resistance value of R2 should be approximately 
240kn. 

Finally, the gain must be recalibrated such that the output Vq 
indicates the device's temperature once again. Do this by adding 
a third resistor, R3, between FB and -T, pins 8 and 5. Vq 
should now be back to the initial 240m V reading. The resistance 
value of R3 should be approximately 280kn. The final connection 
diagram is shown in Figure 7. An approximate verification of 
the effectiveness of recalibration is to measure the differential 
gain to the output. For type E it should be 164.2. 




When implementing a similar recalibration procedure for the 
AD595 the values for Rl, R2, R3 and r will be approximately 
650Oj 84kn5 93kO and 1.51, respectively. Power consumption 
will increase by about 50% when using the AD595 with type E 
inputs. 

Note that during this procedure it is crucial to maintain the 
AD594/AD595 at a stable temperature because it is used as the 
temperature reference. Contact with fingers or any tools not at 
ambient temperature will quickly produce errors. Radiational 
heating from a change in lighting or approach of a soldering 
iron must also be guarded against. 

USING TYPE T THERMOCOUPLES WITH THE AD595 

Because of the similarity of thermal EMFs in the to 50°C 
range between type K and type T thermocouples, the AD595 
can be directly used with both types of inputs. Within this 
ambient temperature range the AD595 should exhibit no more 
than an additional 0.2°C output calibration error when used 
with type T inputs. The error arises because the ice point com- 
pensator is trimmed to type K characteristics at 25°C. To calculate 
the AD595 output values over the recommended - 200 to 350°C 
range for type T thermocouples, simply use the ANSI ther- 
mocouple voltages referred to 0°C and the output equation given 
on page 3 for the AD595. Because of the relatively large non- 
linearities associated with type T thermocouples the output will 
deviate widely from the nominal 10mV/°C. However, cold junction 
compensation over the rated to 50°C ambient will remain 
accurate. 

STABILITY OVER TEMPERATURE 

Each AD594/AD595 is tested for error over temperature with 
the measuring thermocouple at 0°C. The combined effects of 
cold junction compensation error, amplifier offset drift and gain 
error determine the stability of the AD594/AD595 output over 
the rated ambient temperature range. Figure 8 shows an AD594/ 
AD595 drift error envelope. The slope of this figure has units of 

°crc. 




Figure 7. Type E Recalibration 



Figure 8. Drift Error vs. Temperature 

THERMAL ENVIRONMENT EFFECTS 

The inherent low power dissipation of the AD594/AD595 and 
the low thermal resistance of the package make self-heating 
errors almost negligible. For example, in still air the chip to 
ambient thermal resistance is about 80°C/watt (for the D package). 
At the nominal dissipation of 800(xW the self-heating in free air 
is less than 0.065°C. Submerged in fluorinert liquid (unstirred) 
the thermal resistance is about 40°C/watt, resulting in a self-heating 
error of about 0.032°C. 
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SET-POINT CONTROLLER 

The AD594/AD595 can readily be connected as a set-point 
controller as shown in Figure 9. 
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Figure 9. Set-Point Controller 

The thermocouple is used to sense the unknown temperature 
and provide a thermal EMF to the input of the AD594/AD595. 
The signal is cold junction compensated, amplified to 10mV/°C 
and compared to an external set-point voltage applied by the 
user to the feedback at pin 8. Table I lists the correspondence 
between set-point voltage and temperature, accounting for the 
nonlinearity of the measurement thermocouple. If the set-point 
temperature range is within the operating range (-55°C to 
+ 125°C) of the AD594/AD595, the chip can be used as the 
transducer for the circuit by shorting the inputs together and 
utilizing the nominal calibration of 10mV/°C. This is the centigrade 
thermometer configuration as shown in Figure 13. 

In operation if the set-point voltage is above the voltage corres- 
ponding to the temperature being measured the output swings 
low to approximately zero volts. Conversely, when the temperature 
rises above the set-point voltage the output switches to the 
positive limit of about 4 volts with a + 5V supply. Figure 9 
shows the set-point comparator configuration complete with a 
heater element driver circuit being controlled by the AD594/ 
AD595 toggled output. Hysteresis can be introduced by injecting 
a current into the positive input of the feedback amplifier when 
the output is toggled high. With an AD594 about 200nA into 
the +T terminal provides TC of hysteresis. When using a 
single 5V supply with an AD594, a 20Mfl resistor from Vq to 
+ T will supply the 200nA of current when the output is forced 
high (about 4V). To widen the hysteresis band decrease the 
resistance connected from Vq to +T. 

ALARM CIRCUIT 

In all applications of the AD594/AD595 the - ALM connection, 
pin 13, should be constrained so that it is not more positive 
than (V + ) - 4V. This can be most easily achieved by connecting 
pin 13 to either common at pin 4 or V- at pin 7. For most 
applications that use the alarm signal, pin 13 will be grounded 
and the signal will be taken from +ALM on pin 12. A typical 
application is shown in Figure 10. 

In this configuration the alarm transistor will be off in normal 
operation and the 20k pull up will cause the + ALM output on 
pin 12 to go high. If one or both of the thermocouple leads are 
interrupted, the + ALM pin will be driven low. As shown in 
Figure 10 this signal is compatible with the input of a TTL gate 
which can be used as a buffer and/or inverter. 
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Figure 10. Using the Alarm to Drive a TTL Gate 
("Grounded" Emitter Configuration) 

Since the alarm is a high level output it may be used to directly 
drive an LED or other indicator as shown in Figure 11. 
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Figure 1 1. Alarm Directly Drives LED 

A 270n series resistor will limit current in the LED to 10mA, 
but may be omitted since the alarm output transistor is current 
limited at about 20mA. The transistor, however, will operate in 
a high dissipation mode and the temperature of the circuit will 
rise well above ambient. Note that the cold jimction compensation 
will be affected whenever the alarm circuit is activated. The 
time required for the chip to return to ambient temperature will 
depend on the power dissipation of the alarm circuit, the nature 
of the thermal path to the environment and the alarm duration. 

The alarm can be used with both single and dual supplies. It 
can be operated above or below ground. The collector and emitter 
of the output transistor can be used in any normal switch con- 
figuration. As an example a negative referenced load can be 
driven from —ALM as shown in Figure 12. 

The collector ( + ALM) should not be allowed to become more 
positive than (V - ) + 36V, however, it may be permitted to be 
more positive than V + . The emitter voltage ( - ALM) should 
be constrained so that it does not become more positive than 4 
volts below the V + applied to the circuit. 

Additionally, the AD594/AD595 can be configured to produce 
an extreme upscale or downscale output in applications where 
an extra signal line for an alarm is inappropriate. By tying either 
of the thermocouple inputs to common most runaway control 
conditions can be automatically avoided. A + IN to common 
connection creates a downscale output if the thermocouple opens, 
while connecting - IN to common provides an upscale output. 



SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS 11-11 




Figure 12. -ALM Driving A Negative Referenced Load 

CELSIUS THERMOMETER 

The AD594/AD595 may be configured as a stand-alone celsius 
thermometer as shown in Figure 13. 
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F/grtyre 13. AD594/AD595 as a Stand-Alone Celsius 
Thermometer 

Simply omit the thermocouple and connect the inputs (pins 1 
and 14) to common. The output now will reflect the compensation 
voltage and hence will indicate the AD594/AD595 temperature 
with a scale factor of 10mV/°C. In this three terminal, voltage 
output, temperature sensing mode, the AD594/AD595 will 
operate over the full military - 55°C to + 125°C temperature 
range. 

THERMOCOUPLE BASICS 

Thermocouples are economical and rugged; they have reasonably 
good long-term stability. Because of their small size, they respond 
quickly and are good choices where fast response is important. 
They function over temperature ranges from cryogenics to jet- 
engine exhaust and have reasonable linearity and accuracy. 

Because the number of free electrons in a piece of metal depends 
on both temperature and composition of the metal, two pieces 
of dissimilar metal in isothermal contact will exhibit a potential 
difference that is a repeatable function of temperature, as shown 
in Figure 14. The resulting voltage depends on the temperatures, 
Tl and T2, in a repeatable way. 

Since the thermocouple is basically a differential rather than 
absolute measuring device, a known reference temperature is 
required for one of the junctions if the temperature of the other 
is to be inferred from the output voltage. Thermocouples made 
of specially selected materials have been exhaustively characterized 
in terms of voltage versus temperature compared to primary 
temperature standards. Most notably the water-ice point of 0°C 
is used for tables of standard thermocouple performance. 




Figure 14. Thermocouple Voltage with 0°C Reference 

An alternative measurement technique, illustrated in Figure 15, 
is used in most practical applications where accuracy requirements 
do not warrant maintenance of primarj' standards. The reference 
junction temperature is allowed to change with the environment 
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Figure 15. Substitution of Measured Reference 
Temperature for Ice Point Reference 

of the measurement system, but it is carefully measured by 
some type of absolute thermometer. A measurement of the 
thermocouple voltage combined with a knowledge of the reference 
temperature can be used to calculate the measurement junction 
temperature. Usual practice, however, is to use a convenient 
thermoelectric method to measure the reference temperature 
and to arrange its output voltage so that it corresponds to a 
thermocouple referred to 0°C. This voltage is simply added to 
the thermocouple voltage and the sum then corresponds to 
the standard voltage tabulated for an ice-point referenced 
thermocouple. 

The temperature sensitivity of silicon integrated circuit transistors 
is quite predictable and repeatable. This sensitivity is exploited 
in the AD594/AD595 to produce a temperature related voltage 
to compensate the reference or "cold" junction of a thermocouple 
as shown in Figure 16. 




Figure 16. Connecting Isothermal Junctions 

Since the compensation is at the reference junction temperature, 
it is often convenient to form the reference "junction" by con- 
necting directly to the circuit wiring. So long as these connections 
and the compensation are at the same temperature no error will 
result. 
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ANALOG 
DEVICES 



Thermocouple Conditioners and 
Set-Point Controllers 



AD596*/AD597' 



FEATURES 

Low Cost 

Operates with Type J (AD596) or Type K (AD597) 

Thermocouples 
Built-in Ice Point Compensation 
Temperature Proportional Operation - 10m V/X 
Temperature Set-Point Operation - ON/OFF 
Programmable Switching Hysteresis 
High Impedance Differential Input 



AD596/AD597 FUNCTIONAL BLOCK DIAGRAM 




PRODUCT DESCRIPTION 

The AD596/AD597 is a monolithic temperature set-point con- 
troller which has been optimized for use at elevated temperatures 
such as those found in oven control applications. The device 
cold junction compensates and amplifies a type J or K ther- 
mocouple input to derive an internal signal proportional to 
temperature. The internal signal is then compared with an ex- 
ternally apphed set-point voltage to yield a low impedance switched 
output voltage. Dead-Band or switching hysteresis can be pro- 
grammed using a single external resistor. Alternately, the AD596/ 
AD597 can be configured to provide a voltage output (10mV/°C) 
directiy from a type J or K thermocouple signal. It can also be 
used as a stand-alone voltage output temperature sensor. 

The AD596/AD597 can be powered with a single supply from 
+ 5V to + 30V, or dual supplies up to a total span of 36V. 
Typical quiescent supply current is 160|xA which minimizes 
self-heating errors. 

The AD596/AD597 includes a thermocouple failure alarm that 
indicates an open thermocouple lead when operated in the tem- 
perature proportional measurement mode. The alarm output has 
a flexible format which can be used to drive relays, LEDs or 
TTL logic. 

The device is packaged in a reUability qualified, cost effective 
10-pin metal can and is trimmed to operate over an ambient 
temperature range from + 25°C to + 100°C. Operation over an 
extended ambient temperature range is possible with slightly 
reduced accuracy. The AD596 will amplify thermocouple signals 
covering the entire - 200°C to + 760°C temperature range 
recommended for type J thermocouples while the AD597 can 
accommodate - 200°C to + 1250°C type K inputs. 



The AD596/AD597 has a calibration accuracy of ± 4°C at an 
ambient temperature of 60°C and an ambient temperature stability 
specification of 0.05°C/°C from +25°C to + lOOX. If higher 
accuracy, or a lower ambient operating temperature is required, 
either the AD594 (J thermocouple) or AD595 (K thermocouple) 
should be considered. 

PRODUCT HIGHLIGHTS 

1. The AD596/AD597 provides cold junction compensation 
and a high gain amplifier which can be used as a set-point 
comparator. 

2. The input stage of the AD5%/AD597 is a high quality in- 
strumentation amplifier that allows the thermocouple to float 
over most of the supply voltage range. 

3. Linearization not required for thermocouple temperatures 
close to 175X (+ 100°C to + 540°C for AD596), 

4. Cold junction compensation is optimized for ambient temper- 
atures ranging from + 25°C to + 100°C. 

5. In the stand-alone mode, the AD596/AD597 produces an 
output voltage that indicates its own temperature. 



*Protected by U.S. Patent No. 4,029,974. 
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OrCUiriUfll lUllO (@ +6n and Vs - 10V, Type i (AD596). Type K (AD597) Theimocouple. unless othennrise noted) 


Model 


ADS96AH 


AD597AH 






Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


ABSOLUTE MAXIMUM RATINGS 
















+ Vsto-Vs 






36 






36 


Volts 


Common-Mode Input Voltage 


(-Vs-0.15) 




+ Vs 


(-Vs-0.15) 




+ Vs 


Volts 


Differential Input Voltage 


-Vs 




+ Vs 


-Vs 




+ Vs 


Volts 


Alarm Voltages 
















+ ALM 


-Vs 




(-Vs+36) 


-Vs 




(-Vs+36) 


Volts 


-ALM 


-Vs 




+ Vs 


-Vs 




+ Vs 


Volts 


Operating Temperature Range 


-55 




+ 125 


-55 




+ 125 


"C 


Output Short Circuit to Common 


Indefinite 






Indefinite 








TEMPERATURE MEASUREMENT 
















(Specified Temperature Range 
















+ 25°Cto + 100°C) 
















Calibration Error' 


-4 




+ 4 


-4 




+4 


°c 


Stability vs. Temperature^ 




±0.02 


±0.05 




±0.02 


±0.05 


°c/°c 


Gain Error 


-L5 




-I-L5 


-1.5 




+ 1.5 


% 


Nominal Transfer Function 




10 






10 




mV/°C 


AMPLIFIER CHARACTERISTICS 
















Closed Loop Gain' 




180.6 






245.5 




VA^ 


Input Offset Voltage 


°Cx 53.21 +235 


°Cx 41.27 -37 




t^v 


Input Bias Current 




0.1 






0.1 




nA 


Differential Input Range 


-10 




+ 50 


-10 




+ 50 


mV 


Common-Mode Range 


(-Vs-0.15) 




( + Vs-4) 


(-Vs-0.15) 




( + Vs-4) 


Volts 


Common-Mode Sensiuvity - RTO 






10 






10 


mVA^ 


Power Supply Sensitivity - RTO 




1 


10 




1 


10 


mVA^ 


Output Voltage Range 
















Dual Supplies 


(-Vs+2.5) 




( + Vs-2) 


(-Vs+2.5) 




(+Vs-2) 


Volts 


Single Supply 







( + Vs-2) 







( + Vs-2) 


Volts 


Usable Output Current'* 


±5 






±5 






mA 


3dB Bandwidth 




15 






15 




kHz 


ALARM CHARACTERISTICS 
















VcE(SAT)at2mA 




0.3 






0.3 




Volts 


Leakage Current 






±1 






±1 


^A 


Operating Voltage at -ALM 






( + Vs-4) 






(+Vs-4) 


Volts 


Short Circuit Current 




20 






20 




mA 


POWER REQUIREMENTS 
















Operating^ 


( + Vsto-Vs) 


<30 


( + Vsto-Vs) 


<30 


Volts 


Quiescent Current 
















+ Vs 




160 


300 




160 


300 


t^A 


-Vs 




100 


200 




100 


200 


i.A 


PACKAGE OPTION*^ 












TO-IOO(H-IOA) 


AD596AH 




AD597AH 







NOTES 

'This IS a measure of the deviation from ideal with a measuring 

thermocouple junction of 175°C and a chip temperature of 60°C. The 

ideal transfer function is given by: 

AD596. VouT = 180.57 x(Vm-Va+ (ambient in °C)x53.21>tV/°C 

+ 235M.V) 

AD597. VouT = 245.46 x(Vm-Va+ (ambient in "C)x 41. 27hV/''C 

-37kiV). 

Where Vm and Va represent the measuring and ambient temperatures and 

are taken from the appropriate J or K thermocouple table. The ideal 

transfer function minimizes the error over the ambient temperature range 

of 25°C to 100°C with a thermocouple temperature of 

approximately 175°C. 



^Defined as the slope of the line connecting the AD596/AD597 CJC errors 

measured at 25°C and lOO'C ambient temperature. 
*Pin 6 shorted to Pm 7. 
^Current Sink Capability in single supply configuration is limited to current 

drawn to ground through a 50kO resistor at output voltages below 2.5V. 
^- Vs must not exceed — 16.5V. 
^See Section 16 for package outline informatin. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quahty 
levels. All mm and max spiecifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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Thermocouple Type J AD5% TypeK AD597 
Temperature Voltage Output Voltage Output 
"C mV mV mV mV 


Temperature Voltage Output Voltage Output 
"C mV mV mV mV 


- 200 - 7.890 -1370 - 5.891 -1446 

- 180 - 7.402 -1282 - 5.550 -1362 

- 160 - 6.821 -1177 - 5.141 -1262 

- 140 - 6.159 -1058 - 4.669 -1146 

- 120 - 5.426 - 925 - 4.138 -1016 


500 27.388 5000 20.640 5066 
520 28.511 5203 21.493 5276 
540 29.642 5407 22.346 5485 
560 30.782 5613 23.198 5694 
580 31.933 5821 24.050 5903 


- 100 - 4.632 - 782 - 3.553 - 872 

- 80 - 3.785 - 629 - 2.920 - 717 

- 60 - 2.892 - 468 - 2.243 - 551 

- 40 - l.%0 - 299 - 1.527 - 375 

- 20 - .995 - 125 - .777 - 191 


600 33.096 6031 24.902 6112 
620 34.273 6243 25.751 6321 
640 35.464 6458 26.599 6529 
660 36.671 6676 27.445 6737 
680 37.893 6897 28.288 6944 


- 10 - .501 - 36 - .392 - 96 
54 
10 .507 146 .397 97 
20 1.019 238 .798 196 
25 1.277 285 1.000 245 


700 39.130 7120 29.128 7150 
720 40.382 7346 29.965 7355 
740 41.647 7575 30.799 7560 
750 42.283 7689 31.214 7662 
760 - - 31.629 7764 


30 1.536 332 1.203 295 
40 2.058 426 1.611 395 
50 2.585 521 2.022 496 
60 3.115 617 2.436 598 
80 4.186 810 3.266 802 


780 - - 32.455 7966 
800 - - 33.277 8168 
820 - - 34.095 8369 
840 - - 34.909 8569 
860 - - 35.718 8767 


100 5.268 1006 4.095 1005 
120 6.359 1203 4.919 1207 
140 7.457 1401 5.733 1407 
160 8.560 1600 6.539 1605 
180 9.667 1800 7.338 1801 


880 - _ 36.524 8965 
900 - - 37.325 9162 
920 - - 38.122 9357 
940 - - 38.915 9552 
960 - - 39.703 9745 


200 10.777 2000 8.137 1997 
220 11.887 2201 8.938 2194 
240 12.998 2401 9.745 2392 
260 14.108 2602 10.560 2592 
280 15.217 2802 11.381 2794 


980 _ - 40.488 9938 
1000 - _ 41.269 10130 
1020 - - 42.045 10320 
1040 _ - 42.817 10510 
1060 _ - 43.585 10698 


300 16.325 3002 12.207 2996 
320 17.432 3202 13.039 3201 
340 18.537 3402 13.874 3406 
360 19.640 3601 14.712 3611 
380 20.743 3800 15.552 3817 


1080 - - 44.439 10908 
1100 - _ 45.108 11072 
1120 - - 45.863 11258 
1140 - - 46.612 11441 
1160 - - 47.356 11624 


400 21.846 3999 16.395 4024 
420 22.949 4198 17.241 4232 
440 24.054 4398 18.088 4440 
460 25.161 4598 18.938 4649 
480 26.272 4798 19.788 4857 


1180 - - 48.095 11805 
1200 - - 48.828 11985 
1220 - - 49.555 12164 
1240 - - 50.276 12341 
1250 - _ 50.633 12428 



Table I. Output Voltage vs. Thermocouple Temperature (Ambient +60°C, Vs = -5V, + 15V) 



TEMPERATURE PROPORTIONAL OUTPUT MODE 

The AD596/AD597 can be used to generate a temperature pro- 
portional output of 10mV/°C when operated with J and K type 
thermocouples as shown in Figure 1. Thermocouples produce 
low level output voltages which are a function of both the tem- 
perature being measured and the reference or cold junction 
temperature. The AD596/AD597 compensates for the cold junc- 
tion temperature and amplifies the thermocouple signal to produce 
a high level 10mV/°C voltage output which is a function only of 
the temperature being measured. The temperature stabiUty of 
the part indicates the sensitivity of the output voltage to changes 
in ambient or device temperatures. This is typically 0.02°C/°C 
over the + 25°C to + 100°C recommended ambient temperature 
range. The parts will operate over the extended ambient tem- 
perature ranges from - 55°C to + 125°C, but thermocouple 
nonlinearity at the reference junction will degrade the temperature 
stability over this extended range. Table I is a Hst of ideal AD596/ 
AD597 output voltages as a function of Celsius temperature for 
type J and K ANSI standard thermocouples with package and 
reference junction at 60°C. As is normally the case, these outputs 



+ 5Vto +30V 



CONSTANTAN 




OPTIONAL 
OFFSET 10k 
ADJUST 



Figure 1. Temperature Proportional Output Connection 

are subject to calibration and temperature sensitivity errors. 
These tables are derived using the ideal transfer functions: 

AD596 output = (Type J voltage +301.5jjlV) x 180.57 
AD597 output = (Type K voltage) x 245.46 

The offsets and gains of these devices have been laser trimmed 
to closely approximate thermocouple characteristics over meas- 
urement temperature ranges centered around 175°C with the 
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AD596/AD597 at an ambient temperature between 25°C and 
100°C. This eliminates the need for additional gain or offset 
adjustments to make the output voltage read: 

VouT = 10mV7°C X (thermocouple temperature in °C) 
(within specified tolerances). 

Excluding calibration errors, the above transfer function is accurate 
to within TC from + 80°C to + 550°C for the AD596 and - 20°C 
to + 350°C for the AD597. The different temperature ranges are 
due to the differences in J and K type thermocouple curves. 

European DIN FE-CuNi thermocouple vary slightly from ANSI 
type J thermocouples. Table I does not apply when these types 
of thermocouples are used. The transfer functions given previously 
and a thermocouple table should be used instead. 

Pigure 1 also shows an optional tnmnung nctwciK WmCn can u€ 
used to change the device's offset voltage. Injecting or sinking 
200nA from Pin 3 will offset the output aproximately lOmV 
(IX). 

The AD596/AD597 can operate from a single supply from 5V to 
36V or from split supplies totalling 36V or less as shown. Since 
the output can only swing to within 2V of the positive supply, 
the usable measurement temperature range will be restricted 
when positive supplies less than 15V for the AD597 and lOV for 
the AD5% are used. If the AD596/AD597 is to be used to 
indicate negative Celsius temperatures, then a negative supply is 
required. 

Common-mode voltages on the thermocouple inputs must remain 
within the common-mode voltage range of the AD596/AD597, 
with a return path provided for the bias currents. If the ther- 
mocouple is not remotely grounded, then the dotted line connection 
shown in Figure 1 must be made to one of the thermocouple 
inputs. If there is no return path for the bias currents, the input 
stage will saturate, causing erroneous output voltages. 

In this configuration, the AD596/AD597 has circuitry which 
detects the presence of an open thermocouple. If the thermocouple 
loop becomes open, one or both of the inputs to the device will 
be deprived of bias current causing the output to saturate. It is 
this saturation which is detected internally and used to activate 
the alarm circuitry. The output of this feature has a flexible 
format which can be used to source or sink up to 20mA of 
current. The collector ( + ALM) should not be allowed to become 
more positive than ( - Vs + 36V), however, it may be permitted 
to be more positive than +Vs. The emitter voltage (-ALM) 
should be constrained such that it does not become more positive 
than 4V below + Vs. If the alarm feature is not used, this pin 
should be connected to Pins 4 or 5 as shown in Figure 1. 

SET-POINT CONTROL MODE 

The AD596/AD597 can be connected as a set-point controller as 
shown in Figure 2. The thermocouple voltage is cold junction 
compensated, amplified, and compared to an external set-point 
voltage. The relationship between set-point voltage and temper- 
ature is given m Table I. If the temperature to be controlled is 
within the operating range (-55°C to + 125°C) of the device, it 
can monitor its own temperature by shorting the inputs to ground. 
The set-point voltage with the thermocouple inputs grounded is 
given by the expressions: 



AD596 Set-Point Voltage = °C x 
AD597 Set-Point Voltage = X x 



9.6mV/X +42mV 
lO.lmVrC -9.1mV 



TEMPERATURE i 
CONTROLLED 

"'^G'O'*' I COIMSTANTAN 

y I (ALUMEL) 




Figure 2. Set-Point Control Mode 

shown in Figure 2 will only introduce an additional ± TC de- 
gradation of temperature stability over the + 25°C to + 100°C 
ambient temperature range. 

Switching hysteresis is often used in set-point systems of this 
type to provide noise immxmity and increase system reliability. 
By reducing the frequency of on-off cycling, mechanical compo- 
nent wear is reduced leading to enhanced system reliability. 
This can easily be implemented with a single external resistor 
between Pins 7 and 3 of the AD596/AD597. Each 200nA of 
current injected into Pin 3 when the output switches will cause 

about rC of hysteresis; that is: Rhyst (^) = ^wSr^ x ^ — • 

ZUUnA ^HYST 

In the set-point configuration, the AD596/AD597 output is 
saturated at all times, so the alarm transistor will be ON regardless 
of whether there is an open circuit or not. However, - ALM 
must be tied to a voltage below ( + Vs - 4V) for proper operation 
of the rest of the circuit. 

STAND-ALONE TEMPERATURE TRANSDUCER 

The AD596/AD597 may be configured as a stand-alone Celsius 
thermometer as shown in Figure 3. 




The input impedance of the set-point pin of the AD596/AD597 
is approximately 50kft. The temperature coefficient of this 
resistance is ± 15ppm/°C. Therefore, the 100ppm/°C 5kft pot 



Figure 3. Stand-Alone Temperature Transducer 
Temperature Proportional Output Connection 

Simply omit the thermocouple and connect the inputs (Pins 1 
and 2) to common. The output will now reflect the compensation 
voltage and hence will indicate the AD596/AD597 temperature. 
In this three terminal, voltage output, temperature sensing 
mode, the AD596/AD597 will operate over the full extended 
-55°C to+ 125°C temperature range. The output scaling will be 
9.6mV per X with the AD596 and lO.lmV per °C with the 
AD597. Additionally there will be a 42mV offset with the AD596 
causing it to read slightly high when used in this mode. 
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THERMOCOUPLE CONNECTIONS 

The connection of the thermocouple wire and the normal wire 
or printed circuit board traces going to the AD596/AD597 forms 
an effective reference junction as shown in Figure 4. This junction 
must be kept at the same temperature as the AD596/AD597 for 
the internal cold junction compensation to work properly. Unless 
the AD596/AD597 is in a thermally stable enclosure, the ther- 
mocouple leads should be brought in directly to Pins 1 and 2. 



REFERENCE JUNCTION 



CONSTANTAN 



N,^ IRON^ _ 

(CHROMED 

NOTE 

A BIAS RETURN PATH 

FROM PINS 1 AND 2 

OF LESS THAN Ikll 

IMPEDANCE MUST BE 

PROVIDED 




3VouT 



Figure 4. PCB Connections 

To ensure secure bonding, the thermocouple wire should be 
cleaned to remove oxidization prior to soldering. Noncorrosive 
resin flux is effective with iron, constantan, chromel, and alumel, 
and the following solders: 95% tin-5% silver, or 90% tm-10% 
lead. 

SINGLE AND DUAL SUPPLY CONNECTIONS 

In the single supply configuration as used in the set-point controller 
of Figure 2, any convenient voltage from + 5V to + 36V may be 
used, with self-heating errors being minimized at lower supply 
levels. In this configuration, the - Vs connection at Pin 5 is tied 
to ground. Temperatures below zero can be acconmiodated in 
the single supply set-point mode, but not in the single supply 
temperature measuring mode (Figure 1 reconnected for single 
supply). Temperatures below zero can only be indicated by a 
negative output voltage, which is impossible in the single supply 
mode. 

Common-mode voltages on the thermocouple inputs must remain 
below the positive supply, and not more than 0. 15V more negative 
than the minus supply. In addition, a return path for the input 
bias currents must be provided. If the thermocouple is not 
remotely grounded, then the dotted line connections in Figures 
1 and 2 are mandatory. 

STABILITY OVER TEMPERATURE 

The AD5%/AD597 is specified for a maximum error of ±4^ 
at an ambient temperature of GO^C and a measuring jimction 
temperanire at 175°C. The ambient temperature stability is 
specified to be a maximum of 0.05°C/°C. In other words, for 
every degree change in the ambient temperature, the output will 
change no more than 0.05 degrees. So, at 25°C the maximum 
deviation from the temperature-voltage characteristic of Table I 
is ±5.75X, and at 100°C it is ±6°C maximum (see Figure 5). 
If the offset error of ±4°C is removed with a single offset ad- 
justment, these errors will be be reduced to ± 1.75°C and ±2°C 
max. The optional trim circuit shown in Figure 1 demonstrates 
how the ambient offset error can be adjusted to zero. 




Figure 5. Drift Error vs. Temperature 

THERMAL ENVIRONMENTAL EFFECTS 

The inherent low power dissipation of the AD596/AD597 keeps 
self-heating errors to a minimum. However, device output is 
capable of delivering ± 5mA to an external load and the alarm 
circuitry can supply up to 20mA. Since the typical junction to 
ambient thermal resistance in free air is 150X/W, significant 
temperature difference between the package pins (where the 
reference junction is located) and the chip (where the cold jimction 
temperature is measured and then compensated) can exist when 
the device is operated in a high dissipation mode. These tem- 
perature differences will result in a direct error at the output. In 
the temperature proportional mode, the alarm feature will only 
activate in the event of an open thermocouple or system transient 
which causes the device output to saturate. Self-Heating errors 
will not effect the operation of the alarm but two cases do need 
to be considered. First, after a fault is corrected and the alarm 
is reset, the AD596/AD597 must be allowed to cool before readings 
can again be accurate. This can take 5 minutes or more depending 
upon the thermal environment seen by the device. Second, the 
jimction temperature of the part should not be allowed to exceed 
150°C. If the alarm circuit of the AD596/AD597 is made to 
source or sink 20mA with 30V across it, the jimction temperature 
will be 90''C above ambient causing the die temperature to exceed 
150''C when ambient is above 60°C. In this case, either the load 
must be reduced, or a heat sink used to lower the thermal 



TEMPERATURE READOUT AND CONTROL 

Figure 6 shows a complete temperature indication and control 
system based on the AD596/AD597. Here the AD596/AD597 is 
being used as a closed-loop thermocouple signal conditioner and 
an external op-amp is used to implement set point. This has two 
important advantages. It provides a high level (lOmVrC) output 
for the A/D panel meter and also preserves the alarm function 
for open thermocouples. 

The A/D panel meter can easily be offset and scaled as shown to 
read directly in degrees Fahrenheit. If a two temperature cali- 
bration scheme is used, the dominant residual errors will arise 
from two sources; the ambient temperature rejection (typically 
± 2*'C over a 25*'C to 100°C range) and thermocouple nonlinearity 
typical + rC from 80°C to 550X for type J and + IX from 
-20°C to 350*'C for type K. 

An external voltage reference is used both to increase the stability 
of the A/D converter and supply a stable reference for the set-point 
voltage. 
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A traditional requirement for the design of set-point control 
thermocouple systems has been to configure the system such 
that the appropriate action is taken in the event of an open 
thermocouple. The open thermocouple alarm pin with its flexible 
current-limited output format supports this function when the 
part operates in the temperature proportional mode. In addition, 
if the thermocouple is not remotely grounded, it is possible to 
program the device for either a positive or negative full scale 
output in the event of an open thermocouple. This is done by 
connecting the bias return resistor directly to Pin 1 if a high 



output voltage is desired to indicate a fault condition. Alternately, 
if the bias return is provided on the thermocouple lead connected 
to Pin 2, an open circuit will result in an output low reading. 
Figure 6 shows the ground return connected to Pin 1 so that if 
the thermocouple fails, the heater will remain off. At the same 
time, the alarm circuit lights the LED signalHng the need to 
service the thermocouple. Grounding Pin 2 would lead to low 
output voltage saturation, and in this circuit would result in a 
potentially dangerous thermal runaway under fault conditions. 



READOUT °F 



. TEMPERATURE 



n 



CONSTANTAN 



>r 



(ALUMEL) 
IRON 



HEATER 

I 



SSI 

rn nispi av 




Figure 6. Temperature Measurement and Control 
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ANALjOG 
DEVICES 



Loop- Powered 4-20mA 
Sensor Transmitter 




FEATURES 

Instrumentation Amplifier Front End 
Loop-Powered Operation 
Precalibrated 30mV or 60mV Input Spans 
Independently Adjustable Output Span and Zero 
Precalibrated Output Spans: 4-20mA Unipolar 
0-20mA Unipolar 
12 ± 8mA Bipolar 
Precalibrated lOOH RTD Interface 
6.2V Reference with Up to 3.5mA of Current Available 
Uncommitted Auxiliary Amp for Extra Flexibility 
Optional External Pass Transistor to Reduce 
Self-Heating Errors 



PRODUCT DESCRIPTION 

The AD693 is a monolithic signal conditioning circuit which 
accepts low-level inputs from a variety of transducers to control 
a standard 4-20mA, two- wire current loop. An on-chip voltage 
reference and auxiliary ampUfier are provided for transducer 
excitation; up to 3.5niA of excitation current is available when 
the device is operated in the loop-powered mode. Alternatively, 
the device may be locally powered for three-wire applications 
when 0-20mA operation is desired. 

Precalibrated 30mV and 60mV input spans may be set by simple 
pin strapping. Other spans from ImV to lOOmV may be reaUzed 
with the addition of external resistors. The auxiliary amplifier 
may be used in combination with on-chip voltages to provide six 
precalibrated ranges for lOOfl RTDs. Output span and zero are 
also determined by pin strapping to obtain the standard ranges: 
4-20mA, 12 ± 8mA and 0-20mA. 

Active laser trinmiing of the AD693's thin-film resistors result 
in high levels of accuracy without the need for additional adjust- 
ments and calibration. Total unadjusted error is tested on every 
device to be less than 0.5% of full scale at +25**C, and less than 
0.75% over the industrial temperature range. Residual nonlinearity 
is under 0.05%. The AD693 also allows for the use of an external 
pass transistor to further reduce errors caused by self-heating. 

For transmission of low-level signals from RTDs, bridges and 
pressure transducers, the AD693 offers a cost-effective signal 
conditioning solution. It is recommended as a replacement for 
discrete designs in a variety of applications in process control, 
factory automation and system monitoring. 

The AD693 is packaged in an 20-pin ceramic side-brazed DIP 
and is specified over the - 40X to + 85°C industrial temperature 
range. 



AD693 PIN CONFIGURATION 




AUXILIARY AMP 



PRODUCT HIGHLIGHTS 

1. The AD693 is a complete monolithic low-level voltage-to- 
current loop signal conditioner. 

2. Precalibrated output zero and span options include 4-20mA, 
0-20mA, and 12 ± 8mA in two- and three-wire configura- 
tions. 

3. Simple resistor progranuning adds a continuimi of ranges to 
the basic 30mV and 60mV input spans. 

4. The common-mode range of the signal amplifier input extends 
from groimd to near the device's operating voltage. 

5. Provision for transducer excitation includes a 6.2V reference 
output and an auxiliary amplifier which may be configured 
for voltage or current output and signal amplification. 

6. The circuit configuration permits simple linearization of 
bridge, RTD, and other transducer signals. 

7. A monitored output is provided to drive an external pass 
transistor. This feature off-loads power dissipation to extend 
the temperature range of operation, enhance reUabihty, and 
minimize self-heating errors. 

8. Laser- wafer trimming results in low unadjusted errors and 
affords precalibrated input and output spans. 

9. Zero and span are independently adjustable and noninteractive 
to accommodate transducers or user defined ranges. 

10. Six precalibrated temperature ranges are available with a 
10011 RTD via pin strapping. 
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CDHriirirATiniJC^^ +25^andVs = +24V, input span = 30mV or 60mV, Output Span = 4-20mA, 
or LuiriUHl IUIiORl = 25011, Vcm = 3.tV, with extemal pass transistor unless othemisespecified) 







AD693AD 






Model 


Conditions 


Min Typ 


Max 


Units 


LOOP POWERED OPERATION 










TOTAL UNADJUSTED ERRORi'2 




±0.25 


±0.5 


% Full Scale 


^ min to 1 niax 




±0.4 


±0.75 


% Full Scale 


lOOn RTD CALIBRATION ERROR 


^ (See Fig. 17) 


±0.5 


±2.0 


°C 


LOOP POWERED OPERATION^ 










Zero Current Error"^ 


Zero = 4mA 


±25 


±80 


^.A 




Zero = 12mA 


±40 


±120 


M.A 




,Zero = OmA^ 


+ 7 +35 


+ 100 


^.A 


vs. Temp. 


Zero = 4mA 


±0.5 


±1.5 


..A/T 


Power Supply Rejection (RTI) 


12V<Vop^36V^ 
0V<VcM^6.2V 


±3.0 


±5.6 


M.VA^ 


Common-Mode Input Range 


(See Fig. 3) 





+ Vop-4V^ 


V 


Common-Mode Rejection (RTI) 


0V<VcM^6.2V 


±10 


±30 


jjlV/V 


Input Bias Current^ 




+ 5 


+ 20 


nA 


Tmin to Tmax 




+ 7 


+ 25 


nA 


Input Offset Current^ 


VsiG = 


±0.5 


±3.0 


nA 


Transconductance 










Nominal 


30mV Input Span 


0.5333 




AA^ 




60mV Input Span 


0.2666 




AA^ 


Unadjusted Error 




±0.05 


±0.2 


% 


vs. Common-Mode 


0V<VcM^6.2V 










30mV Input Span 


±0.03 


±0.04 


%rv 




60mV Input Span 


±0.05 


±0.06 


%/v 


Error vs. Temp. 




±20 


±50 


ppm/°C 


Nonlinearity^ 


30mV Input Span 


±0.01 


±0.05 


% of Span 




60mV Input Span 


±0.02 


±0.07 


% of Span 


OPERATIONAL VOLTAGE RANGE 








Operational Voltage, Vqp^ 




+ 12 


+ 36 


V 


Quiescent Current 


Into Pin 9 


+ 500 


+ 700 


PlA 


OUTPUT CURRENT LIMIT 


+ 21 +25 


+ 32 


mA 


COMPONENTS OF ERROR 










SIGNAL AMPLIFIER^ 










Input Voltage Offset 




±40 


±200 


IlY 


vs. Temp 




±1.0 


±2.5 


^vrc 


Power Supply Rejection 


12V<VoP^36V^ 
0V<VcM^6.2V 


±3.0 


±5.6 


^wrv 


V/ICONVERTER^'^o 










Zero Current Error 


Output Span = 4-20mA 


±30 


±80 


liiA 


Power Supply Rejection 


12V<VoP^36V^ 


±1.0 


±3.0 


IxA/V 


Transconductance 










Nominal 




0.2666 




A/V 


Unadjusted Error 




±0.05 


±0.2 


% 


6.200V REFERENCE^'^^ 










Output Voltage Tolerance 




±3 


±12 


mV 


vs. Temp. 




±20 


±50 


ppm/°C 


Line Regulation 


12V<VoP^36V^ 


±200 


±300 


^wrv 


Load Regulation ^^ 


OmA<lREF— 3mA 


±0.3 


±0.75 


mV/mA 


Output Current^^ 


Loop Powered, (Fig. 10) 


+ 3.0 +3.5 




mA 




3-WireMode,(Fig.l5) 


+ 5.0 




mA 


AUXILIARY AMPLIFIER 










Common-Mode Range 







+ Vop-4V^ 


V 


Input Offset Voltage 




±50 


±200 


^y 


Input Bias Current 




+ 5 


+ 20 


nA 


Input Offset Current 




+ 0.5 


±3.0 


nA 


Common-Mode Rejection 




90 




dB 


Power Supply Rejection 




105 




dB 
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Model 


Conditions 


Min 


AD693AD 

Typ Max 


Units 


Output Current Range 
Output Current Error 


Pin Ix OUT 
PinVx-PinIx 


+ 0.01 


+ 5 
±0.005 


mA 

% 


TEMPERATURE RANGE 

Case Operating ^"^ 
Storage 


TmintoTmax 


-40 
-65 


+ 85 
+ 150 




PACKAGE OPTION'5 


D-20 





NOTES 

'Total error can be significantly reduced (typically less than 0.1%) by trimming the zero current. The remaining unadjusted 
error sources are transconductance and nonlinearity. 

^The AD693 is tested as a loop powered device with the signal amp, V/I converter, voltage reference, and application voltages 
operating together. Specifications are valid for preset spans and spans between 30mV and 60mV. 
^Error from ideal output assuming a perfect lOOfl RTD at and + 100°C. 
"^Refer to the Error Analysis to calculate zero current error for input spans less than 30m V. 

^By forcing the differential signal amplifier input sufficiently negative the 7(jlA zero current can always be achieved. 
^The operational voltage (Vop) is the voltage directly across the AD693 (Pin 10 to 6 in two-wire mode, Pin 9 to 6 in 
local power mode). For example, Vop = Vs - (Iloop ^ Rl) in two-wire mode (refer to Figure 10). 
^Bias currents are not symmetrical with input signal level and flow out of the input pins. The input bias current of the 
inverting input increases with input signal voltage, see Figure 2. 

^Nonlinearity is defined as the deviation of the output from a straight line connecting the endpoints as the input is swept over a 
30m V and 60m V input span. 

'specifications for the individual functional blocks are components of error that contribute to, and that are included in, the Loop 
Powered Operation specifications. 
'"Includes error contributions of V/I converter and Application Voltages. 
''Changes in the reference output voltage due to load will affect the Zero Current. A 1% change in the voltage reference output will 

result in an error of 1% in the value of the Zero Current. 
'^If not used for external excitation, the reference should be loaded by approximately 1mA (6.2kO to common). 
"In the loop powered mode up to 5mA can be drawn from the reference, however, the lower limit of the output span will be 

increased accordingly. 3.5mA is the maximum current the reference can source while still maintaining a 4mA zero. 
''^The AD693 is tested with a pass transistor so Ta=Tc. 
'^See Section 16 for package outline information. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to 
calculate outgoing quality levels. All mm and max specifications are guaranteed, although only those shown in boldface are 
tested on all production units. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage +36V 

Reverse Loop Current 200niA 

Signal Amp Input Range -O.BVtoVop 

Reference Short Circuit to Common Indefinite 

Auxiliary Amp Input Voltage Range -O.BVtoVop 

Auxiliary Amp Current Output 10mA 

Storage Temperature -65°Cto 150°C 

Lead Temperature, lOsec Soldering + 300°C 

Max Junction Temperature + 150°C 
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Typical Characteristics 
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LOOP SUPPPLY VOLTAGE 



Figure 1. Maximum Load Resistance vs. Power Supply 
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Figure 2. Differential Input Current vs. Input Signal Voltage 
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Figure 3. Maximum Common-Mode Voltage vs. Supply 
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Figure 4. Bandwidth vs. Series Load Resistance 
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Figure 5. Signal Amplifier PSRR vs. Frequency 
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Figure 6. CMRR (RTI) vs. Frequency 
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Figure 7. Input Current Noise vs. Frequency 
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Figure 8. Input Voltage Noise vs. Frequency 



How the AD693 Works 



FUNCTIONAL DESCRIPTION 

The operation of the AD693 can be understood by dividing the 
circuit into three functional parts (see Figure 9). First, an in- 
strumentation amplifier front-end buffers and scales the low-level 
input signal. This amplifier drives the second section, a V/I 
converter, which provides the 4-to-20mA loop current. The 
third section, a voltage reference and resistance divider, provides 
application voltages for setting the various "live zero" ciurents. 
In addition to these three main sections, there is an on-chip 
auxiliary amplifier which can be used for transducer excitation. 

VOLTAGE-TO-CURRENT (V/I) CONVERTER 
The output NPN transistor for the V/I section sinks loop current 
when driven on by a high gain amplifier at its base. The input 
for this amplifier is derived from the difference in the outputs 
of the matched preamplifiers having gains, G2. This difference 
is caused to be small by the large gain, + A, and the negative 
feedback through the NPN transistor and the loop current 
sampling resistor between Iin and Boost. The signal across this 
resistor is compared to the input of the left preamp and servos 
the loop current until both signals are equal. Accurate voltage-to- 
current transformation is thereby assured. The preamplifiers 
employ a special design which allows the active feedback amplifier 
to operate from the most positive point in the circuit, Iin- 

The V/I stage is designed to have a nominal transconductance of 
0.2666 A/V. Thus, a 75mV signal applied to the inputs of the 
V/I (Pin 16, noninverting; Pin 12, inverting) results in a full-scale 
output current of 20mA. 

The current limiter operates as follows: the output of the feedback 
preamp is an accurate indication of the loop current. This output 
is compared to an internal setpoint which backs off the drive to 
the NPN transistor when the loop current approaches 25mA. As 
a result, the loop and the AD693 are protected from the conse- 
quences of voltage overdrive at the V/I input. 

VOLTAGE REFERENCE AND DIVIDER 

A stabilized bandgap voltage reference and laser-trimmed resistor 
divider provide for both transducer excitation as well as pre- 
calibrated offsets for the V/I converter. When not used for 
external excitation, the reference should be loaded by approxi- 
mately 1mA (6.2kft to common). 

The 4mA and 12mA taps on the resistor divider correspond to 
- 15mV and -45mV, respectively, and result in a live zero of 
4mA or 12mA of loop current when connected to the V/I converter's 



inverting input (Pin 12). Arranging the zero offset in this way 
makes the zero signal output current independent of input span. 
When the input to the signal amp is zero, the noninverting 
input of the V/I is at 6.2V. 

Since the standard offsets are laser trimmed at the factory, 
adjustment is seldom necessary except to acconunodate the zero 
offset of the actual source. (See "Adjusting Zero".) 

SIGNAL AMPLIFIER 

The Signal Amplifier is an instrumentation amplifier used to 
buffer and scale the input to match the desired span. Inputs 
applied to the Signal Amplifier (at Pins 17 and 18) are amplified 
and referred to the 6.2V reference output in much the same way 
as the level translation occurs in the V/I converter. Signals from 
the two preamplifiers are subtracted, the difference is amplified, 
and the result is fed back to the upper preamp to minimize the 
difference. Since the two preamps are identical, this minimum 
will occur when the voltage at the upper preamp just matches 
the differential input applied to the Signal Amplifier at the left. 

Since the signal which is applied to the V/I is attenuated across 
the two 800ft resistors before driving the upper preamp, it will 
necessarily be an amplified version of the signal apphed between 
Pins 17 and 18. By changing this attenuation, you can control 
the span referred to the Signal Amplifier. To illustrate: a 75mV 
signal appUed to the V/I results in a 20mA loop current. Nominally, 
15mV is applied to offset the zero to 4mA leaving a 60mV range 
to correspond to the span. And, since the nominal attenuation 
of the resistors connected to Pins 16, 15 and 14 is 2.00, a 30mV 
input signal will be doubled to result in 20mA of loop current. 
Shorting Pins 15 and 16 results in imity gain and permits a 
60mV input span. Other choices of span may be implemented 
with user supplied resistors to modify the attenuation. (See 
section "Adjusting Input Span".) 

The Signal Amplifier is specially designed to accommodate a 
large common-mode range. Common-mode signals anywhere up 
to and beyond the 6.2V reference are easily handled as long as 
ViN is sufficiently positive. The Signal Amplifier is biased with 
respect to Vjn and requires about 3.5 volts of headroom. The 
extended range will be useful when measuring sensors driven, 
for example, by the auxiUary amplifier which may go above the 
6.2V potential. In addition, the PNP input stage will continue 
to operate normally with common-mode voltages of several 
himdred mV, negative, with respect to conunon. This feature 
accommodates self-generating sensors, such as thermocouples. 




-AUX +AUX 75mV 10011 150mV COM 



Figure 9. Functional Block Diagram 
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which may produce small negative normal-mode signals as well 
as common-mode noise on "grounded" signal sources. 

AUXILIARY AMPLIFIER 

The Auxiliary Amplifier is included in the AD693 as a signal 
conditioning aid. It can be used as an op amp in noninverting 
applications and has special provisions to provide a controlled 
current output. Designed with a differential input stage and an 
unbiased Class A output stage, the amplifier can be resistively 
loaded to common with the self-contained lOOO resistor or with 
a user supplied resistor. 

As a functional element, the Auxiliary Amplifier can be used in 
dynamic bridges and arrangements such as the RTD signal 
conditioner shown in Figure 17. It can be used to buffer, amplify 
and combine other signals with the main Signal Amplifier. The 
Auxiliary Amplifier can also provide other voltages for excitation 
if the 6.2V of the reference is unsuitable. Configured as a simple 
follower, it can be driven from a user supplied voltage divider 
or the precalibrated outputs of the AD693 divider (Pins 3 and 
4) to provide a stiff voltage output at less than the 6.2 level, or 
by incorporating a voltage divider as feedback around the amplifier, 
one can gain-up the reference to levels higher than 6.2V. If 
large positive outputs are desired, Ix? the Auxiliary Amplifier 
output current supply, should be strapped to either .Vin or 
Boost. Like the Signal Amplifier, the Auxiliary requires about 



3.5V of headroom with respect to Vin at its input and about 2V 
of difference between Ix and the voltage to which Vx is required 
to swing. 

The output stage of the Auxiliary Amplifier is actually a high 
gain Darlington transistor where Ix is the collector and Vx is 
the emitter. Thus, the AuxiUary Amplifier can be used as a V/I 
converter when configured as a follower and resistively loaded. 
Ix functions as a high-impedance current source whose current 
is equal to the voltage at Vx divided by the load resistance. For 
example, using the onboard lOOH resistor and the 75m V or 
150mV application voltages, either a 750|xA or 1.5mA current 
source can be set up for transducer excitation. 

The Ix terminal has voltage compliance within 2V of Vx- If the 
Auxiliary Amplifier is not to be used, then Pin 2, the noninverting 
input, should be grounded. 

REVERSE VOLTAGE PROTECTION FEATURE 

In the event of a reverse voltage being applied to the AD693 
through a current-limited loop (limited to 200mA), an internal 
shunt diode protects the device from damage. This protection 
mode avoids the compliance voltage penalty which results from 
a series diode that must be added if reversal protection is required 
in high-current loops. 



Applying the AD693 



CONNECTIONS FOR BASIC OPERATION 

Figure 10 shows the minimal connections for basic operation: 
0-30mV input span, 4-20mA output span in the two-wire, loop- 
powered mode. If not used for external excitation, the 6.2V 
reference should be loaded by approximately 1mA (6.2kn to 
common). 

USING AN EXTERNAL PASS TRANSISTOR 

The emitter of the NPN output section, Iout> of the AD693 is 
usually connected to common and the negative loop connection 
(Pins 7 to 6). Provision has been made to reconnect Iqut to the 
base of a user supplied NPN transistor as shown in Figure 11. 
This permits the majority of the power dissipation to be moved 
off chip to enhance performance, improve reliability, and extend 
the operating temperature range. An internal hold-down resistor 
of about 3k is connected across the base emitter of the external 
transistor. 

The external pass transistor selected should have a BVceo greater 
than the intended supply voltage with a sufficient power rating 



for continuous operation with 25mA current at the supply voltage. 
Ft should be in the lOMHz to lOOMHz range and p should be 
greater than 10 at a 20mA emitter current. Some transistors that 
meet this criteria are the 2N1711 and 2N2219A. Heat sinking 
the external pass transistor is suggested. 

The pass transistor option may also be employed for other ap- 
plications as well. For example, Iqut can be used to drive an 
LED connected to Common, thus providing a local monitor of 
loop fault conditions without reducing the minimum compliance 
voltage. 

ADJUSTING ZERO 

In general, the desired zero offset value is obtained by connecting 
an appropriate tap of the precision reference/voltage divider 
network to the inverting terminal of the V/I converter. As shown 
in Figure 9, precalibrated taps at Pins 14, 13 and 11 result in 
zero offsets of 0mA, 4mA and 12nLA, respectively, when connected 
to Pin 12. The voltages which set the 4mA and 12mA zero 
operating points are 15mV and 45mV negative with respect to 




Figure 10. Minimal Connection for 0'30mV Unipolar Input 
4-20mA Output 
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•THE AD693 IS TESTED WITH A 2N3440 
AT THE FACTORY RECOMMENDED 
TRANSISTOR TYPES ARE GIVEN 
IN THE DATA SHEET TEXT 
'*Cc = OVFTOOOItiF 



Figure 1 1. Using an External Pass Transistor to Minimize 
Self-Heating Errors 



6.2V, and they each have a nominal source resistance of 450ft. 
While these voltages are laser trimmed to high accuracy, they 
may require some adjustment to accommodate variability between 
sensors or to provide additional ranges. You can adjust zero by 
pulling up or down on the selected zero tap, or by making a 
separate voltage divider to drive the zero pin. 

The arrangement of Figure 12 will give an approximately linear 
adjustment of the precalibrated options with fbced limits. To 
find the proper resistor values, first select Ia, the desired range 
of adjustment of the output current from nominal. Substitute 
this value in the appropriate formula below for adjustment at 
the 4mA tap. 

Rzi = (1.6V/Ia) - 400ft and 

Rz2 = Rzi X 3.1V/(15mV + U x 3.75ft) 

Use a similar connection with the following resistances for ad- 
justments at the 12niA tap. 

Rzi = (4.8V/Ia) - 400ft and 

Rz2 = Rzi X 3.1V/(45mV + U x 3.75ft) 

These formulae take into accoimt the ± 10% tolerance of tap 
resistance and insure a minimmn adjustment range of Ia- For 
example, choosing Ia = 200jiA will give a zero adjustment 
range of ± 1% of the 20mA full-scale output. At the 4mA tap 
the maximum value of: 

Rzi = 1.6V/200|jlA- 400ft = 7.6kft and 

Rz2 = 7.6kft X 3.1V/(15mV + 200»jlA x 3.75ft) = 1.49Mft 




Figure 12. Optional 4mA Zero Adjustment (12mA Trim 
Available Also) 



These can be rounded down to more convenient values of 7.5kft 
and 1.3Mft, which will result in an adjustment range comfortably 
greater than ±200jjlA. 

ADJUSTING INPUT SPAN 

Input Span is adjusted by changing the gain of the Signal Amphfier. 
This amplifier provides a 0-to-60mV signal to the V/I section to 
produce the 4-to-20mA output span (or a 0-to-75mV signal in 
the 0-to-20mA mode). The gain of this amplifier is trimmed to 
2.00 so that an input signal ranging from 0-to-30mV will drive 
the V/I section to produce 4-to-20mA. Joining PI and P2 (Pins 
15 and 16) will reduce the Signal Amplifier gain to one, thereby 
requiring a 60mV signal to drive the V/I to a full 20mA span. 

To produce spans less than 30mV, an external resistor, Rsi, can 
be connected between PI and 6.2V. The nominal value is given 
by: 

400ft 



Rsi — 



30mV - 1 



where S is the desired span. For example, to change the span to 
6mV a value of; 



400ft 



30mV -1 



= 100ft 



6mV 



is required. Since the internal, 800ft gain setting resistors exhibit 
an absolute tolerance of 10%, Rsi should be provided with up to 
± 10% range of adjustment if the span must be well controlled. 

For spans between 30mV and 60mV a resistor Rs2 should be 
connected between PI and P2. The nominal value is given by: 



^82 - 



400ft (1 - 60mV) 

S 

30mV -1 



For example, to change the span to 40mV, a value of: 

400ft (1 - 60mV) 
40mV 



Rs2 - 



30mV -1 
40mV 



800ft 



is required. Remember that this is a nominal value and may 
require adjustment up to ± 10%. In many applications the span 
must be adjusted to accommodate individual variations in the 
sensor as well as the AD693. The span changing resistor should, 
therefore, include enough adjustment range to handle both the 
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sensor uncertainty and the absolute resistance tolerance of PI 
and P2. Note that the temperature coefficient of the internal 
resistors is nominally - 17ppmrC, and that the external resis- 
tors should be comparably stable to insure good temperature 
performance. 

An alternative arrangement, allowing wide range span adjustment 
between two set ranges, is shown in Figure 13. Rsi and Rs2 are 
calculated to be 90% of the values determined from the previous 
formulae. The smallest value is then placed in series with the 
wiper of the l.SkO potentiometer shown in the figure. For 
example, to adjust the span between 25mV and 40mV, Rsi and 
Rs2 are calculated to be 200011 and 8000, respectively. The 
smaller value, 80011, is then reduced by 10% to cover the possible 
ranges of resistance in the AD693 and that value is put in place. 




1 150mV COM 



Figure 13. Wide Range Span Adjustment 

A number of other arrangements can be used to set the span as 
long as they are compatible with the pretrimmed noninverting 
gain of two. The span adjustment can even include thermistors 
or other sensitive elements to compensate the span of a sensor. 

In devising your own adjustment scheme, remember that you 
should adjust the gain such that the desired span voltage at the 
Signal Amplifier input translates to 60m V at the output. Note 
also that the full differential voltage applied to the V/I converter 
is 75mV; in the 4-20mA mode, - 15mV is appHed to the inverting 
input (zero pin) by the Divider Network and + 60mV is applied 
to the noninverting input by the Signal Amplifier. In the 0-to-20mA 
mode, the total 75mV must be applied by the Signal Amplifier. 
As a result, the total span voltage will be 25% larger than that 
calculated for a 4-20mA output. 

Finally, the external resistance from P2 to 6.2V should not be 
made less than Ikft unless the voltage reference is loaded to at 
least 1.0mA. (A simple load resistor can be used to meet this 
requirement if a low value potentiometer is desired.) In no case 
should the resistance from P2 to 6.2V be less than 200H. 

Input Spans Between 60 and lOOmV 

Input spans of up to lOOmV can be obtained by adding an 
offset proportional to the output signal into the zero pin of the 
V/I converter. This can be accomplished with two resistors and 
adjusted via the optional trim scheme shown in Figure 14. The 
resistor divider formed by Rei and Re2 from the output of the 
Signal Amplifier modifies the differential input voltage range 
applied to the V/I converter. 

In order to determine the fixed resistor values, Rgi and Re2> 
first measure the source resistance (Rd) of the internal divider 
network. This can be accomplished (power supply disconnected) 



by measuring the resistance between the 4mA of offset (Pin 13) 
and common (Pin 6) with the 6.2V reference (Pin 14) connected 
to common. The measured value, Rdj is then used to calculate 
Rei and Re2 via the following formula: 



^E2 



Rn 



^VS -60mV 
and Rei = 412Re2 



- 1.0024 




Figure 14. Adjusting for Spans between 60mV and lOOmV 
(Rei and Re2) with Fine-Scale Adjust (Res and ReJ 

Figure 14 shows a scheme for adjusting the modified span and 
4mA offset via Re3 and Re4. The trim procedure is to first 
connect both signal inputs to the 6.2V Reference, set Re4 to 
zero and then adjust Re3 so that 4mA flows in the current loop. 
This in effect, creates a divider with the same ratio as the internal 
divider that sets the 4mA zero level (- 15mV with respect to 
6.2V). As long as the input signal remains zero the voltage at 
Pin 12, the zero adjust, will remain at - 15mV with respect to 
6.2V. 

After adjusting Res place the desired full scale (S) across the 
signal inputs and adjust Re4 so that 20mA flows in the current 
loop. An attenuated portion of the input signal is now added 
into the V/I zero to maintain the 75m V maximum differential. 
If there is some small offset at the input to the Signal Amplifier, 
it may be necessary to repeat the two adjustments. 

LOCAL-POWERED OPERATION FOR 0-20mA OUTPUT 

The AD693 is designed for local-powered, three-wire systems as 
well as two-wire loops. All its usual ranges are available in three- 
wire operation, and in addition, the 0-to-20mA range can be 
used. The 0-20mA convention offers slightly more resolution 
and may simplify the loop receiver, two reasons why it is sometimes 
preferred. 

The arrangement, illustrated in Figure 15, results in a 0-20mA 
transmitter where the precaUbrated span is 37.5mV. Connecting 
PI to P2 will double the span to 75mV. Sensor input and excitation 
is unchanged from the two- wire mode except for the 25% increase 
in span. Many sensors are ratiometric so that an increase in 
excitation can be used instead of a span adjustment. 

In the local-powered mode, increases in excitation are made 
easier. Voltage compliance at the Iin terminal is also improved; 
the loop voltage may be permitted to fall to 6 volts at the AD693, 
easing the trade-off between loop voltage and loop resistance. 
Note that the load resistor, Rl, should meter the current into 
Pin 10, IiN, so as not to confuse the loop current with the local 
power supply current. 
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•THE VOLTAGE FROM 
PIN 10 TO PIN 6 
MUST BE FROM 
+ 6VT0 +36V 

'•Cc = VFtoOOIjxF 



Figure 15. Local Powered Operation with 0-20mA Output 



OPTIONAL INPUT FILTERING 

Input filtering is recommended for ail applications of the AD693 
due to its low input signal range. An RC filter network at each 
input of the signal amplifier is sufficient, as shown in Figure 16. 
In the case of a resistive signal source it may be necessary only 
to add the capacitors, as shown in Figure 18. The capacitors 
should be placed as close to the AD693 as possible. The value 
of the filter resistors should be kept low to minimize errors due 
to input bias current. Choose the 3dB point of the filter high 
enough so as not to compromise the bandwidth of the desired 
signal. The RC time constant of the filter should be matched to 
preserve the ac common-mode rejection. 



4 SIGNAL IN 

o — ^^^ — 




Figure 16. Optional Input Filtering 



INTERFACING PLATINUM RTDs 

The AD693 has been specially configured to accept inputs from 
lOOn Platinum RTDs (Resistance Temperature Detectors). 
Referring to Figure 17, the RTD and the temperature stable 
100ft resistor form a feedback network around the Auxiliary 
Amplifier resulting in a noninverting gain of (1 +RT/100ft), 
where Ry is the temperature dependent resistance of the RTD. 
The noninverting input of the Auxiliary Amplifier (Pin 2) is 
then driven by the 75mV signal from the Voltage Divider (Pin 
4). When the RTD is at 0, its 100ft resistance results in an 
amplifier gain of + 2 causing Vx to be 150mV. The Signal 
Amplifier compares this voltage to the 150mV output (Pin 3) so 
that zero differential signal results. As the temperature (and 
therefore, the resistance) of the RTD increases, Vx will likewise 
increase according to the gain relationship. The difference between 
this voltage and the zero degree value of ISOmV drives the 
Signal Amp to modulate the loop ciurent. The AD693 is pre- 
calibrated such that the full 4-20mA output span corresponds to 
a to 104*'C range in the RTD. (This assumes the European 
Standard of a = 0.00385.) A total of 6 precalibrated ranges for 
three-wire (or two-wire) RTDs are available using only the pin 
strapping options as shown in Table I. 

A variety of other temperature ranges can be realized by using 
different application voltages. For example, loading the Voltage 
Divider with a l.Skft resistor from Pin 3 to Pin 6 (common) 
will approximately halve the original application voltages and 



looa- : 

RTD > 





•loop Rl -JU 

•Cc = 01|jiFto0 01nF 



Figure 1 7. O-to- 104X Direct Three- Wire 10012 RTD Interface, 4-20ma Output 
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Temperature 
Range 


Pin Connections 


Oto + 104°C 


12 to 13 


oto+2irc 


12 to 13, and 
15 to 16 


+ 25°Cto + 130°C 


12 to 14 


+ 5rCto+266°C 


12 to 14, and 
15 to 16 


-50°Cto+5l°C 


12 toll 


-100°Cto + 104°C 


12 to 1 1 and 
15 to 16 



Table I. Precalibrated Temperature Range Options Using 
a European Standard WOO RTD and the AD693. 

aiiow for a doubling of the range of resistance (and therefore, 
temperature) required to fill the two standard spans. Likewise, 
increasing the application voltages by adding resistance between 
Pins 14 and 3 will decrease the temperature span. 

An external voltage divider may also be used in conjunction 
with the circuit shown to produce any range of temperature 
spans as well as providing zero output (4mA) for a non tem- 
perature input. For example, measuring Vx with respect to a 
voltage 2.385 times the excitation (rather than 2 times) will 
result in zero input to the Signal AmpHfier when the RTD is at 
100°C (or 138.5a). 

As suggested in Table I, the temperature span may also be 
adjusted by changing the voltage span of the Signal Amplifier. 
Changing the gain from 2 to 4, for example, will halve the tem- 
perature span to about 52°C on the 4-20mA output configuration. 
(See section "Adjusting Input Span".) 

The configuration for a three- wire RTD shown in Figure 17 can 
acconmiodate two-wire sensors by simply joining Pins 1 and 5 
oftheAD693. 



The circuit shown in Figure 18 illustrates a generalized approach 
in which the full flexibility of the AD693 is required to interface 
to a low resistance bridge. For a high unpedance transducer the 
bridge can be directly powered from the 6.2V Reference. 

Component values in this example have been selected to match 
the popular standard of 2mVA^ sensitivity and 350ft bridge 
resistance. Load cells are generally made for either tension and 
compression, or compression only; use of the 12mA zero tap 
allows for operation in the tension and compression mode. An 
optional zero adjustment is provided with values selected for 
±2% FS adjustment range. 

Because of the low resistance of most foil bridges, the excitation 
voltage must be low so as not to exceed the available 4mA zero 
current. About IV is derived from the 6.2V Reference and an 
external voltage divider; the Aux-Amp is then used as a follower 
to make a stiff drive for the bridge. Similar applications with 
higher resistance sensors can use proportionally higher voltage. 

Finally, to accommodate the 2mV/V sensitivity of the bridge, 
the full-scale span of the Signal Amplifier must be reduced. 
Using the load cell in both tension and compression with IV of 
excitation, therefore, dictates that the span be adjusted to 4mV. 
By substituting in the expression, Rsi =400ft/[(30mV/S) - 1], 
the nominal resistance required to achieve this span is found to 
be 61.54ft. Calculate the minimum resistance required by sub- 
tracting 10% from 61.54ft to allow for the internal resistor 
tolerance of the AD693, leaving 55.38ft (See "Adjusting Input 
Span".) The standard value of 54.9ft is used with a 20ft poten- 
tiometer for full-scale adjustment. 

If a load cell with a precalibrated sensitivity constant is to be 
used, the resultant full-scale span applied to the Signal Amplifier 
is found by multiplying that sensitivity by the excitation 
voltage. (In Figure 18, the excitation voltage is actually 
(10kft/62.3kft) (6.2V) = 0.995V). 



INTERFACING LOAD CELLS AND METAL FOIL 
STRAIN GAGES 

The availabiUty of the on-chip Voltage Reference, AuxiUary 
Amplifier and 3mA of excitation current make it easy to adapt 
the AD693 to a variety of load cells and strain gages. 



THERMOCOUPLE MEASUREMENTS 

The AD693 can be used with several types of thermocouple 
inputs to provide a 4-20mA current loop output corresponding 
to a variety of measurement temperature ranges. Cold junction 
compensation (CJC) can be implemented using an AD592 or 
AD590 and a few external resistors as shown in Figure 19. 



aX\ f 




•350ii, 2mV/V ** OPTIONAL INPUT FILTER 

E G , SENSOTEC MODEL 41 (SEE TEXT) 

AL DESIGN MODEL ALD-UTC 



Figure 18. Utilizing the Auxiliary Amplifier to Drive A 
Load Cell, 12mA ±8mA Output 
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Figure 19. Thermocouple Inputs with Cold Junction 
Compensation 



POLARITY 


MATERIAL 


TYPE 


AMBIENT 
TEMP 


RCOMP 


RZ 


30mV 
TEMP 
RANGE 


60mV 
TEMP 
RANGE 


+ 


IRON 
CONSTANTAN 


J 


25° 


5i.7n 


301K 


546°C 


1035°C 


- 


75° 


53.6n 


294K 


+ 


NICKEL-CHROME 
NICKEL-ALUMINUM 


K 


25° 


40.2n 


392K 


72 rc 




- 


75° 


42.2n 


374K 




+ 


NICKEL-CHROME 
COFPER-NICKEL 


E 


25° 


60.4fl 


261K 


413°C 


787°C 


- 


75° 


64.9a 


243K 


+ 


COPPER 
COPPER-NICKEL 


T 


25° 


40.2n 


392K 




- 


75° 


45.30 


340K 







Table II. Thermocouple Application - ColdJunction Compensation Table 



From Table II simply choose the type of thermocouple and the 
appropriate average reference junction temperature to select 
values for Rcomp and Rz. The CJC voltage is developed across 
RcoMP as a result of the AD592 IjjlA/K output and is added to 
the thermocouple loop voltage. The 50(1 potentiometer is biased 
by Rz to provide the correct zero adjustment range appropriate 
for the divider and also translates the Kelvin scale of the AD592 
to ''Celsius. To calibrate the circuit, put the thermocouple in an 
ice bath (or use a thermocouple simulator set to 0) and adjust 
the potentiometer for a 4mA loop current. 

The span of the circuit in °C is determined by matching the 
signal amplifier input voltage range to it's temperature equivalent 
via a set of thermocouple tables referenced to °C. For example, 
the output of a properly referenced type J thermocouple is 
60mV when the hot junction is at 1035°C. Table II hsts the 
maximum measurement temperature for several thermocouple 
types using the preadjusted 30mV and 60mV input ranges. 

More convenient temperature ranges can be selected by deter- 
mining the full-scale input voltages via standard thermocouple 
tables and adjusting the AD693 span. For example, suppose 
only a SWC span is to be measiu-ed with a type K thermocouple. 
From a standard table, the thermocouple output is 12.207mV; 
since 60m V at the signal amplifier corresponds to a 16mA span 
at the output a gain of 5, or more precisely 60mV/12.207mV = 4.915 
will be needed. Using a 12.207mV span in the gain resistor 
formula given in "Adjusting Input Span*' yields a value of about 
270n as the minimiun from PI to 6.2V. Adding a 50ft poten- 
tiometer will allow ample adjustment range. 



With the connection illustrated, the AD693 will give a full-scale 
indication with an open thermocouple. 

ERROR BUDGET ANALYSIS 

Loop-Powered Operation specifications refer to parameters 
tested with the AD693 operating as a loop-powered transmitter. 
The specifications are valid for the preset spans of 30mV, 60mV 
and those spans in between. The section, "Components of Error", 
refers to parameters tested on the individual functional blocks, 
(Signal Amplifier, V/I Converter, Voltage Reference, and Auxiliary 
Amplifier). These can be used to get an indication of device 
performance when the AD693 is used in local power mode or 
when it is adjusted to spans of less than 30mV. 

Table III lists the expressions requu*ed to calculate the total 
error. The AD693 is tested with a 250ft load, a 24V loop supply 
and an input common-mode voltage of 3.1V. The expressions 
below calculate errors due to deviations from these nominal 
conditions. 

The total error at zero consists only of offset errors. The total 
error at full scale consists of the offset errors plus the span 
errors. Adding the above errors in this manner may result in an 
error as large as 0.8% of fidl scale, however, as a rule, the AD693 
performs better as the span and offset errors do not tend to add 
worst case. The specification "Total Unadjusted Error", (TUE), 
reflects this and gives the maximum error as a % of full scale 
for any point in the transfer function when the device is operated 
in one of its preset spans, with no external trims. The TUE is 
less than the error you would get by adding the span and offset 
errors worst case. 
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Thus, an alternative way of calculating the total error is to start 
with the TUE and add to it those errors that result from operation 
of the AD693 with a load resistance, loop supply voltage, or 
common-mode input voltage different than specified. (See Example 

1 below.) 

ERROR BUDGET FOR SPANS LESS THAN 30mV 

An accommodation must be made to include the input voltage 
offset of the signal amphfier when the span is adjusted to less 
than 30mV. The TUE and the Zero Current Error include the 
input offset voltage contribution of the signal amplifier in a gain 
of 2. As the input offset voltage is multiplied by the gain of the 
signal amplifier, one must include the additional error when the 
signal amplifier is set to gains greater than 2. 

For example the 300 *'K. s'^an thermocou^'le amplication discussed 
previously requires a 12. 207m V input span; the signal amphfier 
must be adjusted to a gain of approximately 5. The loop trans- 
conductance is now 1.333 AA'^, (5 x 0.2666 AA^). Calculate the 
total error by substituting the new values for the transconductance 
and span into the equations in Table III as was done in Example 
I. The error contribution due to Vqs is 5 x Vos> however, since 

2 X Vos is already included in the TUE and the Zero Current 
Error it is necessary to add an error of only (5 - 2) x Vqs to tiie 
error budget. Note that span error may by reduced to zero with 
the span trim, leaving only the offset and nonlinearity of the 
AD693. 



RTI Contributions to Offset Error 






Error Source 


Expression for RTI Error at Zero 


IzE 


Zero Current Error 


Ize/Xs 


PSRR 


Power Supply Rejection Ratio 


(IVloof -24V| +[|Rl -250.QI x Iz]) x PSRR 


CMRR 




|VcM-3.1V|xCMRR 


lOS 


Input Offset Current 


Rs X lOS 








Error Source 


Expression for RTI Error at Full Scale 


XsE 


Transconductance Error 


VsPAN X XsE 


XpSRR 


Transconductance PSRR' 


|RL-250n|xIsxPSRR 


XcMRR 


Transconductance CMRR 


|Vcm-3.1V|xVspanXXcmrr 


Xnl 


Nonlineanty 


VsPAN X Xnl 


Idiff 


Differential Input Current^ 


Rs X Idiff 






Iz 


Zero Current (usually 4mA) 




Is 


Output span (usually 16mA) 




Rs 


Input source impedance 




Rl 


Load re<!istance 




Vloop 


Loop supply voltage 




VCM 


Input common-mode voltoge 




VSPAN 


Input span 




Xs 


Nominal transconductance m AA^ 





'The 4-20mA signal, flowmg through the metermg resistor, modulates the power supply 
voltage seen by the AD693. The change m voltage causes a power supply rejection error 
that varies with the output current, thus it appears as a span error. 

^The mput bias current of the mvertmg input mcreases with mput signal voltage. The differential 
mput current, Idiff> equals the mvertmg mput current mmus the noninvertmg mput current; 
see Figure 2. Idiff> flowmg mto an mput source mpedance, will cause an input voltage 
error that varies with signal. If the change m differential mput current with input signal is 
approximated as a linear function, then any error due to source impedance may be approximated 
as a span error. To calculate Idiff> refer to Figure 2 and find the value for Idiff/ + In cor- 
responding to the full-scale mput voltage for your application. Muluply by + In max to get 
Idiff- Multiply Idiff by the source impedance to get the mput voltage error at full scale. 

Table III. RTI Contributions to Span and Offset Error 



EXAMPLE I 

The AD693 is configured as a 4-20mA loop powered transmitter 
with a 60mV FS input. The inputs are driven by a differential 
voltage at 2V conmion mode with a 3000 balanced source resis- 
tance. A 24V loop supply is used with a 50011 metering 
resistance. (See Table IV below.) 

Trinmiing the offset and span for your appUcation will remove 
all span and offset errors except the nonlinearity of the AD693. 



OFFSET ERRORS 

Iz Already included in the TUE spec . 

PSRR PSRR = 5.6|xV/V; (|24V - 24V| + [|500n - 250n| x 4mA]) x 5.6fjiVA^ = 
Vloop = 24V 
Rl = soon Iz = 4mA 

CMRR CMRR = ^Q\i^JN^, |2V - 3. 1 V| x 30|xVA^ = 

VcM = 2V 
lOS lOS = 3nA, Rs = 30011; 3000 x 3nA = 
Total Additional Error at 4mA 

As % of full scale; (39.5M.V x 0.2666AA^)/20mA x 100% = 
SPAN ERRORS 

XsE Already included in the TUE spec . 
XpsRR PSRR = 5.6M,VA^;(|500a -250a| x 16mA) x 5.6m, VA' = 



= 50oa,: 



= 16mA 



XcMRR XcMRR = 0.06%A^; |2V - 3. 1V| x 60mV x 0.06%/V = 
VcM=2V,VsPAN = 60mV 

Idiff Vspan = + 60mV; 3000 x 2 x 20nA 
Idiff/ + In = 2 
from Figure 2) 

Xnl Already included in the TUE 

Total Additional Span Error at Full Scale 

Total Additional Error at Full Scale; eoFFSET + ^span = 39.5fiV + 74.0|xV = 
As%ofFullScale;(113.5fxV x 0.2666 A A^)/20mAx 100% = 

New Total Unadjusted Error @FS;eTUE + €additional = 0-5% +0.151% = 



O.OfiV 
5.6M-V 

33.0|jlV 

0.053% of FS 

O.OjjlV 

22.4|xV 

39.6|xV 
12.0^tV 

O.OjjlV 



113.5jjlV 
0.151%ofFS 



39.5|jiV 



74.0(jlV 



Table IV. Example 1 
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ANALjOG 
DEVICES 



Isolated, Loop-Powered 
Voltage-to-Current Converter 



1B21 



FEATURES 

Wide Input Range: 0-1 V to 0-1 OV 

High CMV Isolation: 1500V rms 

Programmable Output Ranges: 4mA to 20mA 

to 20mA 
Load Resistance Range: to 1.35kfl max 
High Accuracy 

Low Offset Tempco : ± 300n A/°C 

Low Gain Tempco: ±50ppm/X 

Low Nonlinearity: ±0.02% 

High CMR: 90dB min 
Small Package: 0.7" x 2.1" x 0.35" 
Meets IEEE Std. 472: Transient Protection (SWC) 

APPLICATIONS 

Multichannel Process Control 

D/A Converter - Current Loop Interface 

Analog Transmitters and Controllers 

Remote Data Acquisition Systems 

GENERAL DESCRIPTION 

The 1B21 is an isolated voltage-to-current converter that incor- 
porates a unique circuit design utilizing transformer based isolation 
and automated surface mount manufacturing technology. It 
provides an unbeatable combination of versatility and performance 
in a compact plastic package. Designed for industrial applications, 
it is especially suited for harsh environments with extremely 
high common-mode interference. 

Functionally, the V/I converter consists of four basic sections: 
input conditioning, modulator, demodulator and current source 
(1B21 Functional Block Diagram). The input is a resistor pro- 
grammable gain stage that accepts a 0-1 V to 0-1 OV voltage input. 
This maps into a to 20mA output or can be offset by 20% 
using the internal reference for 4mA to 20mA operation. The 
high level signal is modulated and passed across the barrier 
which provides complete input to output galvanic isolation of 
1500V rms continuous by the use of transformer coupling tech- 
niques. Nonlinearity is an excellent ±0.05% max. 



1B21 FUNCTIONAL BLOCK DIAGRAM 




Designed for multichannel applications, the 1B21 requires an 
external loop supply and can accept up to 30V max. This would 
provide a loop compliance of 27V, which is sufficient to drive a 
1.35kn load resistance. 

The 1B21 is fully specified over -25°C to +85°C and operates 
over the industrial (-40°C to +85°C) temperature range. 

DESIGN FEATURES AND USER BENEFITS 

High CMV Isolation: The 1B21 features high input to output 
galvanic isolation to eliminate ground loops and offer protection 
against damage from transients and fault voltages. The isolation 
barrier will withstand continuous CMV of 1500V rms and meets 
the IEEE Standard for Transient Voltage Protection (Std. 472- 
SWC). 

Small Size: The 1B21 package size (0.7" x 2.1" DIP) makes it 
an excellent choice in multichannel systems for maximum channel 
density. The 0.35" height also facilitates applications with limited 
board clearance. 

Ease of Use: Complete isolated voltage-to-current conversion 
with minimum external parts required to get a conditioned 
current signal. No external buffers or drivers are required. 
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SPECIFICATIONS (.ypica.at^25n: 



and Vs = ± 1 5V unless ottieiwise noted) 



Model 



INPUT SPECIFICATIONS 
Input Range 
FuU-Scale Input 
Input Bias Current 



OUTPUT SPECIFICATIONS 
Current Output Range 
Load Compliance at Vlqop = 30V 
Max Output Current (w Input Overload 
Output Noise, lOOHz Bandwidth 



NONLINJbAKl 1 Y (% of Span j 



ISOLATION 
CMV, Input to Output Continuous 
CMR,@60Hz 
Transient Protection 



ACCURACY 

Warm-Up Time to Rated Performance 
Total Output Error (cv + 25°C (Untrimmed) 

Offset(ViN = 0V)^ 

Span(ViN= +10V) 
vs. Temperature ( - 25°C to + 85°C) 

Offset^ 

Span 



REFERENCE OUTPUT 
Voltage 
Output Error 
Temperature Coefficient 



DYNAMIC RESPONSE 

Settling Time to 0. 1% of F.S. for lOV Step 
Small Signal Bandwidth 



POWER SUPPLY 
Input Side 
Operating Voltage 
Quiescent Current 
+ 15V Supply 
-i5V Supply 
Power Supply Rejection 
Loop Side 
Operating Voltage 
Maximum Current 



ENVIRONMENTAL 
Temperature Range 

Rated Performance 

Operating 

Storage 
Relative Humidity, Noncondensing 



CASE SIZE 



1B21AN 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



Oto+lOV 

+ lVminto + 10Vmax 

±30pA(±400pAmax) 



4mA to20mA, to 20mA 

27V min 

25mA 

l|ULAp-p 




±0.02% (±0.05% max) 



AC1060 MATING SOCKET 



1500Vrms 

90dB min 

IEEE-STD472(SWC) 



5 min 

± 100|xA 
±0.6%FSR 

±300nA/°C 
± 50ppm/°C 









2 600 


J 


", 2350 "*"'" ,1 


1 






(58 7) 


1 


"^ 


-i-c 






1 






1 
-®- 


\-?-< 














m 



— ^-I 'U 



-Ik 

125 (3 1) 



PIN DESIGNATIONS 



+ 6.4Vdc 

±1.5% max 

± 20ppm/°C max 



9ms 
lOOHz 



PIN 


FUNCTION 


1 


OUT HI 


17 


IN 


18 


FB 


19 


REF 


20 


+ 15V 


21 


COM 


22 


-15V 


38 


OUT LOW 



±15V±5% 

10mA 
5mA 

±0.01%/V 

+ 15V to + 30V 
25mA 



-25°Cto+85°C 
-40°Cto+85X 
-40°Cto+85°C 
Oto95%(.r/ +60°C 



0.7" X 2.1" X 0.35" 
(17.8 X 53.3 x8.9)mm 



NOTES 

' For 0-20mA mode. For 4-20mA mode an additional 60|xA is contributed by the ± 1 . 5% reference error on the 4mA output. 
2For a complete discussion of the temperature effects of the offset resistor and reference refer to "Using the 1B21" section. 
Specifications subject to change without notice. 
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INSIDE THE 1B21 

Referring to the functional block diagram, the ± 15V power 
inputs provide power to both the input side circuitry and the 
power oscillator. The 25kHz power oscillator provides both the 
timing information for the signal modulator and drives transformer 
T2 for the output side power supplies. The secondary winding 
of T2 is full wave rectified and filtered to create the output side 
power. 

The input stage is configured as an inverting amplifier with 
three user supplied resistors for gain, offset and feedback. The 
conditioned signal is modulated to generate a square wave with 
a peak-to-peak amplitude proportional to Vin- This signal drives 
the signal transformer Tl. An internal reference with a nominal 
output voltage of +6.4V and tempco of ±20ppm/°C is provided 
to develop a 4mA offset for 4mA to 20mA current loop 
applications. 

After passing through signal transformer Tl, the amplitude 
modulated signal is demodulated and filtered by a single pole 
filter. Timing information for the output side is derived from 
the power transformer T2. The filtered output provides the 
control signal for the voltage-to-current converter stage. An 
external power supply is required in series with the load to 
complete the current loop. 

USING THE 1B21 

Input Configurations: The 1B21 has been designed with a 
flexible input stage for a variety of input and output ranges. 
The basic interconnection for setting gain and offset is shown in 
Figure 1 . The output of the internal amplifier is constrained to 
to - 5V, which maps into to 20mA across the isolation 
barrier. Thus to create a 4mA offset at the output, the input 
amplifier has to be offset by IV. 

For example, for to 20mA operation the transfer function for 
the input stage is: 

5A^iN = Rp/Ri 
and no offset resistor is needed. For 4mA to 20mA operation we 
get: 



4/Vn 



Rp/Ri 



which maps the input voltage into a 4V span. To create a IV 
offset at the output of the internal amplifier (4mA at the output 
of the 1B21) a current derived from the reference can be fed 
into the summing node. The offset resistor (for a IV output 
offset) will be given by the equation: Rq = 6.4Rf. For most 
applications it is recommended that Rp be in the 25kn ± 20% 
range. Resistor values for typical input and output ranges are 
shown in Table I. 




Figure 1. Basic Interconnections 



Input 


Output 


Ri 


Rf 


Ro 


Volts 


mA 


kft 


kft 


kft 


0-5 


0-20 


25 


25 


Open 


0-10 


0-20 


50 


25 


Open 


0-5 


4-20 


25 


20 


128 


0-10 


4-20 


50 


20 


128 


1-5 


4-20 


25 


25 


Open 



Table I. Resistor Values for Typical Ranges 

Adjustments: Figure 2 is an example of using potentiometers 
for trimming gain and offset for a 0-5V input and to 20mA 
output. The network for offset adjustment keeps the resistors 
relatively small to minimize noise effects while giving a sensitivity 
of ± 1% of span. For more adjustment range, resistors smaller 
than 274k can be used. Resistor values from Table I can be 
substituted for other input and output ranges. 

In general, any bipolar voltage can be input to the 1B21 as long 
as it is offset to meet the to - 5V constraint of the modulator 
and the input signal range is IV minimum. 



r~^ 19 6k 

nO— *-vvv— vw 
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^ 
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RECTIFIER 





Figure 2. Offset and Span Adjustment 
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TC Considerations of External Resistors: The specifications 
for gain and offset temperature coefficient (TC) for the 1B21 
exclude the effects of external components. The total gain TC 
for the circuit in Figure 1 is: 

Gain TC = 1B21 Gain TC + (Tracking TC of Rp and Rj) 

The offset TC is also affected by the thermal stability of the 
internal voltage reference and its contribution is: 

RefTC = (VREF)(RF/Ro)(4mA/V)(TCofVREF + 
Tracking TC of Rp and Ro)/l x 10^ 

Total Offset TC = 1B21 Offset TC + RefTC 

Specifically using Rp, Rt and Rq from Case ? in Table !, with 
absolute TCs of ± 25ppm/°C we get: 

Gain TC = 50 + (25 + 25) = 100ppm/°C 
Offset TC = 300 + (6.4V)(20k/128k)(4mA/V)(20 + 25 + 25)/ 
1x10^ 
= ±580nA/°C 

Similarly, when using a resistor network with a tracking spec of 
± 5ppm/°C, the total gain TC would be ± 55ppm/°C and the 
total offset TC would be ±400nA/°C. 

APPLICATIONS 

Output Protection: In many industrial applications it may be 
necessary to protect the current output from accidental shorts to 
ac line voltages in addition to high common-mode voltages and 
short circuits to ground. The circuit shown in Figure 3 can be 
used for this purpose. The maximum permissible load resistance 
will be lowered by the fuse resistance (typically 8(1) when 
protection circuitry is utilized. 




BECKMAN 50k R/N 
1 ( 1 



OFFSET O- 



o < wv- 

' WNr- 



COM O-i 



NOTE 

NODES LABELLED FOR 

ILLUSTRATION ONLY 




Figure 4. Low Tempco Resistor Networl( Configuration 

Multiloop Isolation: Multiple lB21s can be connected to a 
single loop supply in parallel as shown in Figure 5. The amperage 
of the loop supply should be sufficient to drive all the loops at 
full-scale output. 



1B21 



[J:_Doooc3^. 



1B21 



r^--xx)oc[]^- 



Figure 5. l\/lultiple 1821 s with Single Loop Supply 



Figure 3. Output Protection Circuitry 

Low Drift Input Network: Figure 4 shows a configuration 
suitable for applications where errors have to be minimized over 
a wide temperature range. A temperature tracking network such 
as a 50k Beckman (PN 698-3R50KD) can be used to implement 
both offset and gain for either to 20mA or 4mA to 20mA 
current loops. For 0-1 OV signals either INI or IN2 can be used 
for input. For 0-5V signals, jumper INI to IN2. Similarly, for 
4mA to 20mA operation the 4mA node should be jumpered to 
OFFSET, while for to 20mA it should be tied to COM. 



n-34 SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS 




ANALOG 
DEVICES 



Programmable, Isolated 
Voltage-to- Current Converter 




FEATURES 

internal Isolated Loop Supply Drives lOOOH Load 

Pin Programmable Inputs: 0-5V or 0-10V 

Pin Programmable Outputs: 4-20mA or 0-20mA 

High CMV Isolation: 1500V rms 

Normal-Mode Output Protection: 240V rms 

Wide Input Range: 0-1 V to 0-1 OV 

High Accuracy 

Low Input Offset Tempco: ±300nA/X 

Low Gain Tempco: ±50ppm/X 

Low Nonlinearity: ±0.02% 

High CMR: 90dB min 
Small Package: 1.0" x 2.1" x 0.35" 
Meets IEEE Std 472: Transient Protection (SWC) 

APPLICATIONS 

Multichannel Process Control 

D/A Converter - Current Loop Interface 

Analog Transmitters and Controllers 

Remote Data Acquisition Systems 



1B22 FUNCTIONAL BLOCK DIAGRAM 
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n 






1B22 






REF 


IN2 ^e)- 


RESISTOR 
NETWORK 






TlA /«\_ 








• ' ji22, and \^hh Vloop = 28V, it is sufficient to drive a lOOOfl 

;*'-'toad. ft,, \..i. 

'^eiB2t is fully specified over -25°C to +85°C and operates 



GENERAL DESCRIPTION 

The 1B22 is an isolated voltage-to-current converter that ii^^ior*!, ■,, 
porates transformer isolation to achieve hig|i performance, ^i^4,, ';- 
automated surface mount maattf^^tufting for lo\^er cost artd 
increased reliabihty. Designed feif industrial aj^pl^catioiis, it is 7-, 
especially suited for harsh environment^ W;th miU,&nc\y hJt^,, -p;:}, 
common-mode interference. With prograniinable inputs ahd /^ ?;; 
outputs, the 1B22 provides an unbeatable combination of ver^tility 
and performance in a compact plastic package. 

Functionally, the V/I converter consists of four basic sections: 
input conditioning, modulator/demodulator, isolated loop supply 
and current source (Figure 1). The input is pin programmable 
for 0-5 V or 0-lOV inputs and 0-20mA or 4-20mA outputs using 
an internal resistor network. It can also be set by an external 
resistor to accept 0-lV to 0-1 OV voltage inputs. Transformer 
coupling provides 1500V rms galvanic isolation between the 
inputs and the current loop. Nonlinearity is an excellent ±0.05% 
max. 

Loop power is generated internally through a dc/dc converter 
and is also isolated from the input side (1500V rms). Loop 
compliance voltage is dependent on the voltage supplied to the 



1tA;A mdustrial (-40°C to +85°C) temperature range, 

■. '''■'':.'■'. ' '■' 

^ DES||^ FEATURES AND USER BENEFITS 

,,i^j5lal|||;;ii|pop Power: Internal loop supply completely isolates 
t%, loQJp from the input terminals (1500V rms) and provides the 
'capability to drive to lOOOfl loads. This eliminates the need 
for an external dc/dc converter. 

Ease of Use: The 1B22 offers complete isolated voltage-to-current 
conversion with minimum external parts required to get a con- 
ditioned current signal. No external buffers or drivers are 
required. 

High CMV Isolation: The 1B22 features high input to output 
galvanic isolation to eliminate ground loops and offer protection 
against damage from transients and fault voltages. The isolation 
barrier will withstand continuous CMV of 1500V rms and 
meets the IEEE Standard for Transient Voltage Protection (Std. 
472-SWC). 

Small Size: The 1B22 package size (1.0" x 2.1" DIP) makes it 
an excellent choice in multichannel systems for maximum channel 
density. The 0.35" height also facilitates applications with limited 
board clearance. 
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SPECIFICATIONS 



(typical @+25'*C and Vs= ±15V unless otherwise noted) 



Model 



INPUT SPECIFICATIONS 
Factory Calibrated, User Selectable 
Input Impedance 

0-IOV input range 

0-5V input range 



OUTPUT SPECIFICATIONS 
Current Output Range, User Selectable 
Load Compliance Range, Vloop = + 1 5 V 
Vloop=+28V 
Aiaximum Output Cui rent @ Inpui Overiu 
Output Noise, lOOHz Bandwidth 



NONLINEARITY (% OF SPAN) 



ISOLATION 
CMV, Input to Output Continuous 
CMR,@60Hz 

Normal-Mode Output Protection 
Transient Protection 



ACCURACY 
Warm-Up Time to Rated Performance 
Total Output Error® +25°C 

Offset (ViN=OV) 

Span(ViN = +10V) 
vs. Temperature ( - 25 X to + 85°C) 

Offset 

Span 

DYNAMIC RESPONSE 
Settling Time to0.1%ofF.S. foi 
Small Signal Bandwidth 



POWER SUPPLY 
Bipolar Input Supplies 

Operating Voltage 

Quiescent Current 

Power Supply Rejection 
Loop Supply 

Operating Voltage 

Operating Current, at Full-Scale Output 




ENVIRONMENTAL 
Temperature Range 

Rated Performance 

Operating 

Storage 
Relative Humidity, Noncondensing 



CASE SIZE 



1B22AN 



0to+5V,0to+10V 

50ka 
25ka 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



4 to 20mA, to 20mA 

8Vmin 

22V min 

25mA 

l|xAp-p 



15 
(3.81) 
MAX 



1 



^+- 



35 
(8 9) 
MAX 



I |.^- 0.80 (20.3) TYP—»| 



(2.54) 
TYP 



T 



(7 62) 
TYP 1 



S 



: 0.02% (0.05% max) 



1500Vrms 
90dBmin 

240V rms con|pMoO 
IEEE-STD%J|4^C 
wIm. 



0.1 _L 



±15V±5% 
± 7.5mA 
±0.001%/V 

+ 14V to + 30V 
30mA 



-25°Cto+85°C 
-40°Cto+85°C 
-40°CtoH-85T 
0to95%@60°C 



1.0"x2.1"x0.35" 



NOTE 

Specifications subject to change without notice. 



(2 54) 
TYP 



01 _L 

(2.54) 

TYP -T" 



BOTTOM 
VrEW 



3d 



.H 



2.10 
(53.3) 
MAX 



-1.00 (2.54) MAX- 



PIN DESIGNATIONS 



0.1 

■ (2.54) 

TYP 



PIN 


FUNCTION 


1 


OUT HI 


16 


IN2 


17 


INI 


18 


S. NODE 


19 


4mA OFFSET 


20 


+ 15V 


21 


ANA COM 


22 


-15V 


23 


SYNC 


24 


Vloop 


25 


POWER COM 


38 


OUT LOW 
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ANALOG 
DEVICES 



Wide Bandwidth Strain Gage 
Signal Conditioner 




FEATURES 

Low Cost 

Complete Signal-Conditioning Solution 

Small Package: 28-Pin Double DIP 

Internal Half-Bridge Completion Resistors 

Remote Sensing 

High Accuracy 

Low Drift: ± 0.25»jlV/*'C 

Low Noise: 0.3|jiV p-p 

Low Nonlinearity: ±0.005% max 

HighCMR: 140dB min (60Hz, G = 1000V/V) 
Programmable Bridge Excitation: +4V to +15V 
Adjustable Low Pass Filter: fc = 10Hz to 20kHz 

APPLICATIONS 

Measurement of: Strain, Torque, Force, Pressure 

Instrumentation: Indicators, Recorders, Controllers 

Data Acquisition Systems 

Microcomputer Analog I/O 

GENERAL DESCRIPTION 

Model 1B31 is a high performance strain gage signal-conditioning 
component that offers the industry's best price/performance 
solution for applications involving high-accuracy interface to 
strain gage transducers and load cells. Packaged in a 28-pin 
double DIP using hybrid technology, the 1B31 is a compact and 
highly reliable product. Fimctionally, the signal conditioner 
consists of three sections: a precision instnmientation ampU- 
fier, a two-pole low pass filter, and an adjustable transducer 
excitation. 

The instrumentation amplifier (lA) section features low input 
offset drift of ±0.25M-VrC (RTI, G= lOOOVA^) and excellent 
nonlinearity of ±0.005% max. In addition, the I A exhibits low 
noise of 0.3|jlV p-p typ (O.lHz-lOHz), and outstanding 140dB 
min common-mode rejection (G= lOOOVA^, 60Hz). The gain is 
programmable from IVfW up to 5000V A^ by one external 
resistor. 

The two-pole low pass filter offers a 40dB/decade roll-off from 
IkHz to reduce high frequency noise and improve system signal- 
to-noise ratio. The comer frequency is adjustable downwards by 
external capacitors and upwards to 20kHz by three resistors. 
The output voltage can also be offset by ± lOV with an external 
potentiometer to null out dead weight. 

The IBSl's regulated transducer excitation stage features low 
output drift (±0.004%/°C typ) and can drive 12011 or higher 
resistance load cells. The excitation is preset at + lOV and is 
adjustable from +4V and + 15V. This section also has remote 
sensing capability to allow for lead-wire compensation in 6-wire 
bridge configurations. For half-bridge strain gages, a matched 



1B31 FUNCTIONAL BLOCK DIAGRAM 




pair of thin-film 20kfl resistors is connected across the excitation 
outputs. This assures temperature tracking of ± 5ppm/**C max 
and reduces part count. 

The 1B31 is available in a plastic package specified over the 
industrial (-40°C to +85°C) temperature range and will be 
available soon in a bottom-brazed ceramic package specified 
over the military ( — 55''C to + 125°C) temperature range. 

DESIGN FEATURES AND USER BENEFITS 
Ease of Use: Direct transducer interface with minimum ex- 
ternal parts required, convenient offset and span adjustment 
capability. 

Half-Bridge Completion: Matched resistor pair tracking to 
± 5ppm/*'C max for half-bridge strain gage applications. 

Remote Sensing: Voltage drops across the excitation lead-wires 
are compensated by the regulated supply, making 6-wire load-cell 
interfacing straightforward. 

Programmable Transducer Excitation: Excitation source preset 
for + lOV dc operation without external components. User- 
programmable from a +4V to + 15V dc to optimize transducer 
performance. 

Adjustable Low Pass Filter: The two-pole active filter (fc = IkHz) 
reduces noise bandwidth and aUasing errors with provisions for 
external adjustment of cutoff frequency (lOHz to 20kHz). 
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SPECIFICATIONS 



(typical @ + 251! and Ys = ± 15V unless ottieminse noted) 



GAIN' 
Gain Range 

Gam Equation 

Gain Equation Accuracy, G^ lOOOV/V 
Gain Temperature Coefficient^ 
Nonlinearity 



OFFSET VOLTAGES' 
Total Offset Voltage, Referred to Input 
Initial, @ + 25°C (Adjustable to Zero) 
G = 2V/V 
G = lOOOVA^ 
Warm-Up Drift. 5 mm , G = lOOOV/V 
vs. Temperature 
G = 2VA^ 
G = lOOOVA^ 

At Other Gams 

vs. Supply 
G = 2VA^ 
G = lOOOVA^ 
Output Offset Adjust Range 



INPUT BIAS CURRENT 
Initial @25°C 
vs. Temperature 



INPUT DIFFERENCE CURRENT 

Initial @ +25°C 
vs. Temperature 



INPUT IMPEDANCE 
Differential 
Common Mode 



INPUT VOLTAGE RANGE 
Linear Differential Input (Vd) 

Maximum CMV Input 

CMR, Ikft Source Imbalance 
G = 2VA',dcto60Hz 
G=I00VA^to5000VA^ 
IkHz Bandwidth^ 

@dcto60Hz 
lOHz Bandwidth'* 
@dc 
@60Hz 



INPUT NOISE 

Voltage, G=IOOOV/V 
O.lHztolOHz 
lOHztolOOHz 

Current, G=1000VA^ 
O.lHztolOHz 
lOHztolOOHz 



RATED OUTPUT' 
Voltage, 2kft Load, min 
Current 

Impedance, dc to 2Hz, G = 2VA^ to lOOOVA^ 
Load Capacitance 
Output Short-Circuit Duration 



DYNAMIC RESPONSE' 
Small Signal Bandwidth - 3dB, G = 2VA^ to lOOOVA^ 
Slew Rate 
Full Power 

Settling Time, G = 2V/V to lOOOVA^, ± lOV Output, 
Step to ±0.1% 



LOW PASS FILTER 
Number of Poles 
Gain (Pass Band) 
Cutoff Frequency ( - 3dB Point) 
Roll-Off 



Rg 



2to5000VA^ 

SOkft 

G-2 
±3% 

± 1 5ppm/°C ( ± 25ppm/°C max) 
±0.005% max 



t2mV(±10mVmax) 
t50jjLV(±200pLVmax) 
K^ithm ± 1 " V of final valu! 



25M.V/°C(±50|xV/°Cmax) 
0.25|xV/°C(±2M.V/°Cmax) 
100\ 

Q-j^vrc 



±2 



t 50m.VA^ 
t0.5|xVA^ 
tlOVmin 



tlOnA(±50nAmax) 

t25pA/°C 



1 5nA ( ± 20nA max) 
1 10pA/°C 



lGn||4pF 
lGn||4pF 



±12-— vmax 



llOdBmin 
140dBmin 



IBSlSDt 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
PLASTIC PACKAGE (N) 



- 83 (21.1) MAX - 



15 
(3 8) MIN 



01 (0.25) J L 



_L 



250 
(6 350) MAX 
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BOTTOM VIEW -#1 I*— 05 (1 27) GRID 

CERAMIC PACKAGE (D) 



0.3m.Vp-p 
Ip-Vp-p 



60pAp-p 
lOOpAp-p 



±10V 

±5mA 

0.5ft 

lOOOpF 

Indefinite 



IkHz 

0.05V/HS 

350Hz 

2ms 



2 

-2VA^ 
IkHz 
40dB/decade 



4- 



f' lTinn 



150(3 81) 
200(5 08) 

Jl 



0100(2 54) 



-Ik 



0100(2 54) 



I 



^ k 



PIN DESIGNATIONS 



PIN 


FUNCTION 


PIN 


FUNCTION 


1 


+ INPUT 


15 


-Vs 


2 


-INPUT 


16 


COMMON 


3 


GAIN 


17 


+ Vs 


4 


GAIN 


18 


+ Vs REGULATOR 


8 


Vout(UNFILTERED) 


19 


REFOUT 


9 


INPUT OFFSET ADJ. 


20 


REFIN 


10 


INPUT OFFSET ADJ 


21 


EXCITATION ADJ. 


11 


OUTPUT OFFSET ADJ. 


25 


HALF-BRIDGE COMP. 


12 


BANDWIDTH ADJ 1 


26 


SENSE LOW 


13 


BANDWIDTH ADJ. 2 


27 


SENSE HIGH 


14 


VouT (FILTERED) 


28 


VexcOUT 
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Model 



BRIDGE EXCITATION 
Regulator Input Voltage Range 
Output Voltage Range 
Regulator Input/Output Voltage Differential 
Output Current^ 

Regulauon, Output Voltage vs. Supply 
Load Regulation, II = ImA to 50mA 
Output Voltage vs. Temperature 
Output Noise, lOHz to IkHz^ 
Reference Voltage (Internal) 
Internal Half-Bridge Completion 

Nominal Resistor Value 

Temperature Tracking 



POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent^ 



ENVIRONMENTAL 
Temperature Range 

Rated Performance 

Operating 

Storage 
Relative Humidity 



CASE SIZE 



1B31AN 



+ 9.5Vto+28V 
+ 4Vto + 15V 
+ 3Vto+24V 
100mA max 
±0 05%/V 
±0.1% 
±0.004%/°C 
200(jlVp-p 
+ 6.8V ±5% 

20ka ± 1% 
± 5ppm/°C max 



±15Vdc 

±12Vto±18Vdc 
+ 10mA 



-40°Cto+85°C 
-40°Cto+85°C 
-40°Cto + 100°C 
0to95%@+60°C 



83" X 1.64" X 0.25" 

(21 1x41.7x6 350mm) max 



lB31SDt 



AC1222 MOUNTING CARD 

h -_ "*'"*'' : 1 



-55°Cto + 125°C 
-55°Cto + 125°C 
-65°Cto + 150°C 






QD 



FILTERED 

o o o o^: 

TP1 OUT GND TP4 ^ 



88 



Hllhf 






m N >c: 



H 



AC1222 CONNECTOR DESIGNATION 



0.81" xl 57" X 0.23" 
(20 6 X 40.0 X 5.72mm) 



NOTES 

* Specifications same as 1B31AN 

tSD grade available in Spring 1988 

'Specifications referred to the filtered output at Pin 14 

^Exclusive of external gain settling resistor 

'Unad)usted filter setting 

■•Filter cutoff frequency set with external capacitors 

'Derate from + 50°C as shown in Figure 14 

*4 7jiF capacitor from Vref in (Pm 20) to COMM 

'Excluding bridge excitation's current, and with no loading on the output 

Specifications subject to change without notice 



PIN 


FUNCTION 


PIN 


FUNCTION 




+ INPUT 


S 


VexcOUT 




-INPUT 


T 


SENSE HIGH 




N/C 


U 


SENSE LOW 




GAIN (3) 


V 


HALF-BRIDGE COMP 




GAIN 14) 


X 


REFOUT 




Vout(UNFILTERED) 


Y 


REFIN 




INPUT OFFSET ADJ (9) 


z 


EXC ADJ 




INPUT OFFSET ADJ (10) 








OUTPUT OFFSET ADJ 






10 


BANDWIDTH ADJ 1 






11 


BANDWIDTH ADJ 2 






12 


Vour (FILTERED) 






19 


-Vs 






20 


COMMON 






21 


+ Vs 






22 


+ VsREG 







The AC1222 mounting card is available for the 1B31 . The AC1222 
is an edge connector card with a 28-pin socket for plugging in 
the 1B31. In addition, it has provisions for installing the gain 
resistor and adjusung the bridge excitation voltage and cutoff 
frequency. Adjustment potentiometers for offset, fine gain and 
excitation are also provided. The AC 1222 comes with a Cinch 
251-22-30-160 (or equivalent) edge connector 



APPLICATIONS 

The 1B31 can be interfaced easily and directly to a wide variety 
of transducers for precise measurement of strain, torque, force 
and pressure. For applications in harsh industrial environments, 
such characteristics as high CMR, low noise and excellent tem- 
perature stabiUty make the 1B31 unsurpassed for use in indicators, 
recorders and controllers. 

The combination of low cost, small size and high performance 
of the 1B31 allows the system designer to use one conditioner 
per channel. The advantages include significantly lower system 
noise and high resolution, and elimination of crosstalk and 
aUasing errors. 

FUNCTIONAL DESCRIPTION 

Model 1B31 is based on a two-stage ampUfier design and an 
adjustable voltage regulator section, as shown in Figure 1. The 
front end is a low noise, low drift, instriunentation ampUfier 
(lA) that is optimized to amplify low level transducer signals 
(from 2mV full scale) riding on high common-mode voltage 
(±9.5V). The gain of the lA is programmed by a single resistor 
(IVA^ to 2500V/V) and the input offset nulled out by an external 
potentiometer across the offset adjust Pins 9 and 10. The inverted 
signal (V_ INPUT - V+ i^puj) is brought out to Pin 8 for appUcations 
such as vibration and torque testing where the unfiltered output 
is required. 

The signal is also fed to an inverting Butterworth filter with a 
fixed gain of - 2VfV. This two-pole filter is preset with a IkHz 




Figure 1. Block Diagram and Pinout 
corner frequency which can be adjusted downwards to lOHz by 
using two external capacitors or upwards to 20kHz by three 
resistors. This stage also provides a convenient means of adjusting 
output offset voltage ( ± lOV) by connecting a 50kft potentiometer 
to Pin 11. 
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The bridge excitation section is an adjustable output, regulated 
supply with an internally provided reference voltage ( + 6.8V). It 
is configured as a gain stage with the output preset at + lOV. 
The excitation voltage is increased by connecting a resistor 
between Pins 21 and 26, and decreased by connecting a resistor 
between Pins 19 and 20. Sense lines are provided to compensate 
for lead-wire resistance by effectively bringing the leads into the 
feedback loop. 

For half-bridge applications, two tracking thin-film resistors 
(20kn), ± 5ppm/°C max) are connected from Vexc OUT 
(Pin 28) to SENSE LOW (Pin 26). 

OPERATING INSTRUCTIONS 

Gain Setting: The differential gain, G, is determined by the 
equation: 



G= 2 + 



80kn 



where Rg is connected between the GAIN terminals (Pins 3 and 
4) of the IB31, as shown in Figure 2. For best performance, a 
low temperature coefficient (5ppm/°C) Rg is reconmiended. For 
fine span adjustment, a 50n potentiometer may be connected in 
series with Rg- 

COMM -15V +15V 




NOTES "^^^ 

• USE 5ppm/°C GAIN RESISTOR FOR LOW GAIN TEMPCO 

• ALL TRIM POTS SHOULD BE 100 ppm/°C OR BETTER 
(TYPE 79PR 1 5 TURN CERMET RECOMMENDED) 

Figure 2. Typical Application 

Input Offset Adjustment: To null input offset voltage, an optional 
lOkd potentiometer may be connected across the INPUT 
OFFSET ADJ. terminals (Pins 9 and 10 in Figure 2). With 
gain set at the desired value, connect both inputs (Pins 1 and 2) 
to COMMON (Pin 16), and adjust the lOkO potentiometer for 
zero volts at Pin 14. For apphcations using software nulling. 
Pins 9 and 10 shoidd be left imconnected. 

Output Offset Adjustment: The output can be offset over the 
± lOV range to compensate for dead load or bridge imbalance 
by using a 50kft potentiometer connected to Pin 1 1 as shown in 
Figure 2. Pin 11 is normally grounded if output offsetting is not 
desired. 



Filter Cutoff Frequency Programming: The low pass filter 
cutoff frequency is internally set at IkHz. It may be decreased 
from IkHz by the addition of two external capacitors connected 
as shown in Figure 3 (from Pin 12 to common and between 
Pins 13 and 14). The values of capacitors required for a desired 
cutoff frequency, fc, below IkHz are obtained by the equations 
below: 

CsEL2 = 0.0022M-F [^-ij 
CsELi can be polarized for large values. 



CsELi = 0.015M.F 



®-r* 




Figure 3. Narrow Bandwidth Application 

The cutoff frequency may also be increased from IkHz to 20kHz 
by the addition of three external resistors, connected as shown 
in Figure 4. The equations for determining the resistor values 
are: 



RcFT 1 = 20ka/ 




($W 



• USE 5ppm/°C GAIN RESISTOR FOR LOW GAIN TEMPCO 



Figure 4. Wide Bandwidth Application 
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Table I gives the nearest resistor and capacitor values for several 
common filter cutoff frequencies. 



fc(Hz) 


CsELl(»JtF) 


CsEL2(»tF) 




10 


1.5 




0.2 




50 


0.27 




0.039 




100 


0.15 




0.02 




200 


0.056 




0.0082 




500 


0.015 




0.0022 






RSELI 


(kft) 


RsEL2(kft) 


RsEL3(kft) 


2000 


20 




16.2 


40.2 


5000 


4.99 




4.12 


10.0 


10000 


2.21 




1.78 


4.42 


20000 


1.05 




0.866 


2.21 



Table I. Filter Cutoff Frequency vs. Rsel snd Csel 

Note: The 25MHz gain bandwidth product of the lA should be 
considered in high-gain, wide bandwidth configurations. 

Voltage Excitation Programming: The excitation voltage is 
preset to + lOV. To increase Vexc up to + 15V a resistor must 
be connected between EXC. ADJ. and SENSE LOW (Pins 21 
and 26) as shown in Figure 5. For a desired Vexc die resistor 
value, Rextj is determined by the following equations: 



lOkft X Vrefout 



20ka X Rt 



= +6.8V 



20ka - Rt 



The + lOV to + 15V range can be covered by a 20kn 
potentiometer between the reference terminals. 



^ 



_^^^i£!liL0 1 




®— 



NOTE 

TRIM POT SHOULD BE 1 00 ppm/X OR BETTER 

(TYPE 79PR 15 TURN CERMET RECOMMENDED) 

Figure 5. Constant Voltage Excitation: + 10V to + 15V 
Range 

To decrease Vexc down to +4V, a resistor has to be connected 
between REF IN and REF OUT (Pins 19 and 20) as shown in 
Figure 6. The equations to determine the value of Rext are: 

Vref in = 0.68 Vexc 



A 20kn potentiometer between the REF IN and REF OUT 
pins will span the +4V to + lOV excitation range. A 4.7jjlF 
tantalum capacitor from REF IN (Pin 20) to COMMON (Pin 
16) is recommended in all cases to lower the voltage noise at the 
reference input. 



+4vto+iov n 




NOTE 

TRIM POT SHOULD BE 1 00 ppm/°C OR BETTER 

(TYPE 79PR 15 TURN CERMET RECOMMENDED) 

Figures. Constant Voltage Excitation: +4Vto + 10V Range 

The remote sensing inputs should be connected to the transducer 
separately from the excitation leads or jumpered as shown in 
Figure 2. 

Power Supply Decoupling: The power supplies should be de- 
coupled with IjjlF tantalum and lOOOpF ceramic capacitors as 
close to the 1B31 as possible (Figure 2). 

Input Protection: The differential inputs of the 1B31 can be 
protected from accidental shorts to power line voltages (115V 
rms) by the circuit shown in Figure 7. The back-to-back diodes 
clamp the inputs to a maximum of ± 12.5V and were selected 
for low leakage current. The 15kll resistors in series with the 
inputs will degrade the noise performance of the 1B31 to 4.2|xV 
p-p in a bandwidth of 0.1 Hz to IkHz. For six- wire load cells in 
harsh environments the additional protection for the sense inputs 
shown in Figure 7 is recommended. 
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Figure 7. 1 15V Input Protection for 1B31 
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PERFORMANCE CHARACTERISTICS 

Input Offset Voltage Drift: Total offset voltage drift is composed 
of input and output drifts and is a function of gain. The 1B31 
typically exhibits ±0.25fjLVrC RTI drift at a gain of lOOOVA^ 
over the full temperature range. The RTI voltage offset drift vs. 
gain is graphed in Figure 8. 
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a. Bandwidth =0.1 Hz to 10Hz 



100 
GAIN - V/V 



Figure 8. Total Input Offset Drift vs. Gain 

Low Pass Filter: The tvi^o pole Butterworth filter is a multiple 
feedback design with a gain of - IV IW. It is preset at a cutoff 
frequency of IkHz ( - 3dB) with a 40dB/decade roll-off. The 
step response at IkHz is 1.5ms settling time to 0.1% of final 
value with less than 5% overshoot. The frequency response of 
the filter is shown graphically in Figure 9. 
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b. Bandwidth = 0.1 Hz to IkHz 
Figure 10. Voltage Noise, RTO @G= 1000V/V 

Common-Mode Rejection: CMR as a fimction of gain and 
frequency is shown in Figure 11. The best results (140dB @ 
60Hz) are obtained by progranmiing the low pass filter with a 
lOHz cutoff frequency, which contributes an additional 30dB to 
the IkHz specification where 60Hz noise is not attenuated by 
the filter. 
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a 80 



Figure 9. Filter Amplitude Response vs. Frequency 



Gain Nonlinearity and Noise: Gain Nonlinearity is specified as 
a percent of full-scale output, and for the 1B31 it is ±0.005% 
maximum over the full-gain range. The I A design also offers 
exceptionally quiet performance with typical input noise of 
0.3|xV p-p for a lOHz bandwidth (Figure 10a) and l|xV p-p for 
a IkHz bandwidth (Figure 10b). 
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Figure 1 1. Common-Mode Rejection vs. Frequency and 
Gain 
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Turn On Drift: The input offset of the 1B31 stabilizes to within 
IjjlV of final value in 5 minutes (Figure 12). The test conditions 
are: 3500 bridge with + lOV excitation and ambient temperature 
of +25°C. 




3 4 5 6 

WARM-UP TIME - Minutes 

Figure 12. Offset Voltage, RTI, Turn-On Drift 

Bridge Excitation: The adjustable bridge excitation is specified 
over a wide regulator input voltage range ( + 9.5V to +28V). 
Maximum load current II as a function of regulator input-output 
differential voltage is shown in Figure 13. The maximum output 
current also depends on ambient temperature and above 50°C a 
derating factor should be derived from Figure 14. 
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INPUT-OUTPUT VOLTAGE DIFFERENTIAL - V 

Figure 13. Excitation Source Input - Output Voltage 
Differential vs. Load Current; Ambient Temperature 
<25°C. 

APPLYING THE 1B31 

Strain Measurement: The 1B31 is shown in a strain measurement 
system in Figure 15. A single active gage (120ft, Gage Factor = 
2) is used in a bridge configuration to detect fractional changes 
in gage resistance caused by strain. An equivalent resistance 
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Figure 14. Excitation Source Internal Power Dissipation 
vs. Temperature 

dummy gage mounted adjacent to the active gage provides tem- 
perature compensation. The rest of the bridge is completed by 
the 1B31 internal half-bridge network which consists of two 
20kft, 1% thin-film resistors tracking to within ± 5ppni/*'C max. 
Bridge excitation is set at + 4V to avoid self-heating errors from 
the strain gage. System calibration produces a + IV output for 
an input of 1000 microstrains. The filter cutoff frequency is set 
at approximately lOOHz. 




^*. OTO +1V 
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• USE 5ppm/°C GAIN RESISTOR FOR LOW GAIN TEMPCO "Tn ii;.,c T" 

• TRIM POT SHOULD BE 100ppm/''C OR BETTER loiajir j 



E100ppm/°COnDci icn -JL- 

(TYPE 79PR 1 5 TURN CERMET RECOMMENDED) \/ 

Figure 15. Strain Gage Application Using Internal 
Half-Bridge 

Pressure Transducer Inferface: A strain gage type pressure 
transducer (Dynisco 800 series) is interfaced to a 1B31 in Figure 
16. Regulated excitation of + lOV dc is provided for a 30mV 
full-scale output. The gain is sett at 333.3 to achieve a 0-lOV 
output for a 0-10,000 psi range of the transducer. A shunt cali- 
bration resistor is built into the transducer for easy verification 
of the 80% point of its full-scale output. A typical shielding 
scheme to preserve the excellent performance characteristics of 
the 1B31 is also shown. To avoid ground loops, signal return or 
cable shield should be grounded only at one point. 
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CHECK 
• USE 1 0ppm/X GAIN RESISTOR FOR LOW GAIN TEMPCO 
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Figure 16. Pressure Transducer Application 

Multiple Load-Cells: For transducer configurations where the 
maximum load current of 100mA of the 1B31 is not sufficient, a 
buffer and a power transistor such as a TIP31 can be used as 
shown in Figure 17. This design can supply 300mA at + lOV 
excitation over the full industrial temperature range ( - 25**C to 
+ 85°C). In a multiple 1B31 system an added advantage is that 
ratiometric operation can be preserved by using one excitation 
source which also serves as the reference voltage for the system 
A/D converter. 



P-(5--5M§-S)n 




lEDIvl/*" 



Figure 17. Multiple Load-Cell Application 

Mobile Transducer Application: The small size and rehability 
of the 1B31 make it an ideal choice for mobile apphcations. 
Since the 1B31 requires a negative supply, one possible solution 
for its generation is shown in Figure 18. The positive voltage of 
a 4- 12V battery is used to drive a CMOS TLC555 oscillator 
with a typical supply current of 360|jiA. The output is a square 
wave that is rectified by the diodes and filtered to provide a 
— 9V supply. Excitation voltage should be equal to or less than 
+ 9V for adequate headroom for the 1B31 voltage regulator. 

Pressure Transducer Data Acquisition System: Figure 19 
shows a two module solution for microcomputer based data 
acquisition using a 1B31 and an AD1170 18-bit A/D converter. 
A 3m VA^ pressure transducer (e.g. Dynisco 800 series) is interfaced 
to a 1B31 set up with a gain of 333.3 to give a - 5V output. 
The regulated excitation is + 5V, and for ratiometric operation 
it is also used as the voltage reference input for the AD 1170. An 
initial ECAL command establishes the voltage excitation as the 
full-scale input of the AD 1170 and periodic calibration cycles 
keep the converter tracking the reference input. This configuration 
yields very high CMR (168dB @ 60Hz) enhanced by the 1B31 
low pass filter and the integrating conversion scheme of the 




(FILTERED) (jj)"*' 
^^ 0-5V 



Figure 18. Negative Supply Generation for 1B31 

AD 1170. In addition, fixed offsets caused by bridge imbalance 
can be nulled out by the AD 1170 with a power-up initialization 
command from the microcomputer. This eliminates a poten- 
tiometer or software overhead which might otherwise be 
needed. 




• 3mV/V LOAD CELL 

• +5V EXCITATION, ISmVFS 

• GAIN = 333 

• USE 1 0ppm/°C GAIN RESISTOR FOR LOW GAIN TEMPCO 

Figure 19. Pressure Transducer Data Acquisition 
1B31andAD1170 



Using 



Isolated Current Loop Interface: The output of the 1B31 can 
be interfaced to a process loop as shown in Figure 20. The 2B23 
module produces an isolated 4-to-20mA output current which is 
proportional to the input voltage and independent of the output 
load resistance. Common-mode input/output isolation is ± 1500V 
pk continuous. 




Figure 20. Isolated 4-20mA Transmitter 
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ANALOG 
DEVICES 



Bridge Transducer 
Signal Conditioner 



1B32 



FEATURES 

Low Cost 

Complete Signal-Conditioning Solution 

Small Package: 28-Pin Double DIP 

Internal Thin-Film Gain Network 

High Accuracy 

Low Input Offset Tempco: ±0.07ttV/°C 

Low Gain Tempco: ±2ppm/°C 

Low Nonlinearity: ±0.005% max 

HighCMR: 140dB min (60Hz, G = 1000VA/) 
Programmable Bridge Excitation: +4V to +15V 
Remote Sensing 
Low Pass Filter (fc=4Hz) 

APPLICATIONS 

Weigh Scales 

Instrumentation: Indicators, Recorders, Controllers 

beta Acquisition Systems 

Microcomputer Analog I/O 

GENERAL DESCRIPTION 

Model 1B32 is a precision, chopper-based, signal-conditioning 
component ideally suited for high-accuracy applications of load 
cells and bridge transducers. Packaged in a compact 28-pin 
plastic double DIP, the 1B32 takes advantage of hybrid technology 
for high reliability as well as higher channel density. Fimctionally, 
the signal conditioner consists of three basic parts: a high per- 
formance chopper-based amplifier, a low-pass filter and an ad- 
justable transducer excitation source. 

The chopper-based amplifier features extremely low input offset 
tempco of ±0.07^yrC (RTI, G = 500VA^) and excellent non- 
linearity of ± 0.005% max over its full gain range of 100 to 
SOOOVA^. The 1B32 has a thin-film resistor network for pin- 
strapping the gain to 500VA^ or 333.3VA^ (for 2mVA^ and 
3mVA^ load cells). The gain tempco for these fixed gains is a 
highly stable ± 2ppm/°C. Additionally, the gain can be set to 
any value in the gain range with two external resistors. The 
amplifier also has a wide-range input referred zero suppression 
capability ( ± lOV), which can easily be interfaced to a D/A 
converter. The bandwidth of the chopper is 4Hz at G= lOOVA^. 

The integral three-pole, low-pass filter offers a 60dB/decade roll- 
off from 4Hz to reduce common-mode noise and improve system 
signal-to-noise ratio. 

The lB32*s regulated transducer excitation stage features low 
output drift (±40ppm/*'C typ) and can drive 120ft or higher 
resistance load cells. The excitation is preset at + lOV with 
other voltages between +4V and + 15V progranunable with 
external resistors. This section also has remote sensing capability 
to allow for lead-wire compensation in 6-wire load cells and 
other bridge configurations. 



1B32 FUNCTIONAL BLOCK DIAGRAM 



SIGNAL COMMI T 

EXT GAIN SBtC 

333 3 GAIN ^ 

500 GAIN (riy 

GAIN SENSE Ma)-" 
GAINCOMM nsV 

VouimV- 




The 1B32 is fuUy specified over the mdustrial ( - 25*'C to + 85*'C) 
temperature range. 

DESIGN FEATURES AND USER BENEFITS 

Pin-Strappable Gain: The internal resistor network can be pin- 
strapped for gains of 500VA^ and 333.3VA^ for 2mVA^ and 
3mVA^ load cells. The tracking network guarantees a gain tempco 
of ± 6ppm/°C max. 

Custom Trimmable Network: For volume applications, the 
1B32 can be supplied with a custom laser trinmied gain network. 
Contact factory for further information. 

Wide Range Zero Suppression: The output can be offset by 
± lOV for nulling out a dead load or to do a tare adjustment. 

Remote Sensing: Voltage drops across the excitation lead-wires 
are compensated by the regulated supply, making 6-wire load-cell 
interfacing straightforward. 

Programmable Transducer Excitation: The excitation source is 
preset for + lOV dc operation without external components. It 
is user-progranmiable for a +4V to + 15V dc range (@ 100mA) 
to optimize transducer performance. 

Low-Pass Filter: The three-pole active filter (fi: = 4Hz) reduces 
60Hz line noise and improves system signal-to-noise ratio. 
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SPECIFICATIONS^.^® 



+ 25*t! and Vs = ± 1 5V unless ottienvlse noted) 



Model 



GAIN 
Gain Range 
Internal Gain Setting 

Gain Equation 

Gain Equation Accuracy^ 
Gain Temperature Coefficient^ 
Gain Nonlinearity 



OFFSET VOLTAGES 
Total Offset Voltage, RTI 
Initial, @ + 25°C, G = lOOOVA^ 
Warm-Up Drift, G = lOOOV/V, lOmin 
vs. Temperature ( - 25°C to + 85°C) 
G = lOOOVA^ 

At Other Gains 

Output Offset Adjust Range 



INPUT VOLTAGE RANGE 
Linear Differential Input 
Maximum Differential Input 
CM V Input Range 
CMR, IkO Source Imbalance^ 
G = lOOVA^ to SOOOVA^ @ dc 
G=100V/V,@60Hz 
G=1000VA^,@60Hz 



INPUT NOISE 
Voltage, G=1000VA^ 

O.lHztolOHz 
Current, G=1000VA^ 

O.lHztolOHz 



RATED OUTPUT 

Voltage, 2kilLoad, min 

Current 

Impedance, dc to 2Hz, G = lOOVA^ 

Load Capacitance 

Output Short Circuit Duration (to Ground) 



DYNAMIC RESPONSE 
Small Signal Bandwidth 

- 3dB Gain Accuracy, G = lOOVA^ 
G=1000V/V 
Slew Rate 
Full Power 

Settling Time, G = lOOVA^, ± lOV Output 
Step to ±0.1% 



LOW PASS FILTER 
Number of Poles 
Cutoff Frequency ( - 3dB Point) 
Roll-Off 



1B32AN 



lOOVA^toSOOOVA^ 
333.3VA^and500VA^ 

±0.1% 

± 2ppm/°C ( ± 6ppm/°C max) 

±0.005% max 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



-0 86(21 8) MAX 



0.15 
(3 8) MIN 



^ 



25 
(6 35) MAX 



±40»xV 
Within ± Im-V 



± 0.07m-V/°C ( ± 0.2m- V/°C max) 

^(o.06 + ^)j,V/°C 
±10V 



INPUT BIAS CURRENT 




Initial @25°C 


±3nA 


vs. Temperature ( - 25°C to + 85°C) 


±50pA/°C 


INPUT DIFFERENCE CURRENT 




Initial® +25°C 


±3nA 


vs. Temperature ( - 25°C to + 85°C) 


± 10pA/°C 


INPUT RESISTANCE 




Differential 


lOOMH 


Common Mode 


lOOMfl 



±0.1V 

+ 5V 

to + 7.5V 

86dB 

120dB 

140dBmin 



iM-Vp-p 
3pAp-p 



±10V 

±5mA 

0.60 

500pF 

Indefinite 



4Hz 

3.5Hz 

20V/sec 

0.5Hz 

2sec 



3 

4Hz 

60dB/decade 



T= 


— 


=FI 


- 


R 


- 




R 


R 


c=\ 


^^^ 


H 


■^ 


/ 1 




































' 




















. 










1 1 


















15, 






J 
































































,, 






























































































,, 


























' 


































































































. 






































' 


► 8- 


















2,^ 


^- 




34 
.7) 
AX 






















































(41 
































M 
















































































































































































































L-, 


















2 


>( 


k 


- 








' 




























, 






















J 








V 


































. 
































V; 


















tl> 









































































































BOTTOM VIEW -"^ K"- 05 (1 27) GRID 



PIN DESIGNATIONS 



PIN 


FUNCTION 


PIN 


FUNCTION 


1 


+ INPUT 


15 


-Vs 


2 


-INPUT 


16 


COMM 


3 


INPUT OFFSET AD J 


17 


+ Vs 




NC 


18 


+ VsREG 




NC 


19 


REFOUT 




NC 


20 


REFIN 




NC 


21 


EXCADJ 




SIGNAL COMM 


22 


NC 




EXT GAIN SET 


23 


NC 




333.3 GAIN 


24 


NC 




500 GAIN 


25 


NC 




GAIN SENSE 


26 


SENSE LOW 




GAIN COMM 


27 


SENSE HIGH 




VOUT 


28 


VexcOUT 



(Continued on next page) 
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Model 



1B32AN 



BRIDGE EXCITATION 

Regulator Input Voltage Range + 9 . 5 V to + 28 V 

Output Voltage Range + 4V to + 1 5 V 

Regulator Input/Output Voltage Differential + 3V to + 24V 

Output Current* 1 00mA max 

Regulation, Output Voltage vs. Supply ± 0.05%A^ 

Load Regulation, II = ImA to 50mA ± 0. 1% 

Output Voltage vs. Temperature ( - 25°C to + 85°C) ± 40ppm/°C 

Output Noise, 0. 1 Hz to lOHz' 300p-V p-p 

Reference Voltage (Internal) + 6. 8V ± 5% 

Sense & Excitation Lead Resistance 1 OH max 

POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent* 



±15Vdc 

±12Vto±18Vdc 
+ 4mA, -1mA 



ENVIRONMENTAL 
Temperature Range 
Rated Performance 
Operating 
Storage 
Relative Humidity 



-25°Cto+85°C 

-40°Cto+85°C 

-40°Cto + 100°C 

to 95%, Noncondensing, i 



>+60°C 



CASE SIZE 



0.83" X 1.64" X 0.25" 
(21.1x41.7x6.35nmi)max 



NOTES 

'Using internal network for gain. 

^For pin-strapped gain. The tempco of the individual thin-film resistors is ± 50ppni/°C max. 

^3V p-p 60Hz common-mode signal used in test setup. 

^Derate 2mA/°C from + SCC. 

'4. 7m,F capacitor from REF IN (Pin 20) to COMM. 

^Excluding bridge excitation current and with no loading on the output. 

Specifications subject to change without notice. 



AC1224 Mounting Card 



AC1224 Connector Designation 




PIN 


FUNCTION 


PIN 


FUNCTION 


T 


VexcOUT 


1 


+ INPUT 


U 


SENSE HIGH 


2 


-INPUT 


V 


SENSE LOW 


12 


VoUT 


X 


REF OUT 


19 


-Vs 


Y 


REF IN 


20 


COMM 


z 


EXCADJ 


21 


+ Vs 






22 


+ VsREG 



The AC1224 mounting card is available for the 1B32. The AC1224 
is an edge connector card with a socket for plugging in the 
1B32. In addition it has provisions for switch selecting internal 
gains as well as installing gain resistors. Adjustment pots for 
offset, fine gain and excitation are also provided. The AC1224 
comes with a Cinch 251-22-30-160 (or equivalent) edge 
connector. 
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FUNCTIONAL DESCRIPTION 

Model 1B32 is based on a switched capacitor, chopper stabilized 
amplifier followed by an active filter and an adjustable voltage 
regulator section for ex<;itation. The ultralow drift chopper 
samples the difference between the + INPUT and -INPUT at 
190Hz. The signal is modulated, amplified and then demodulated. 
This stage introduces a pole with a 20dB/decade roUoff from 
4Hz. The high-level signal is then filtered by a two-pole active 
filter with a 4Hz cutoff frequency to give a ± lOV output. The 
clock signal for the chopper is generated by an on-board 
oscillator. 

As shown in Figure 1, the gain can be pin-strapped by an internal 
resistor network. Standard gains of 333.3 and 500 can be achieved 
by this method with gain tempco of ± 6ppm/X max. Finally, 
the offset adjust of the amplifier is input referred, and requires 
a voltage input similar to the differential input voltage to implement 
wide range suppression. 

The bridge excitation section is an adjustable ouput, regulated 
supply with an internally provided reference voltage ( + 6.8V). It 
is configured as a gain stage with the output preset at + lOV. 
The excitation voltage is increased by connecting a resistor 
between Pins 19 and 20. Sense lines are provided to compensate 
for lead-wire resistance by bringing the leads into the feedback 
loop. 



+ INPUT 


(l) 


-INPUT 


^2 


INPUT OFFSET 
ADJ 


(4) 


NO 


M 


NO 


^5 


NO 


^6^ 


NO 


(7) 


SIGNAL COMM 


^8^ 


EXT GAIN SET 


9 


333 3 GAIN 


^ 


500 GAIN 


J1 


GAIN SENSE 


(t2 


GAIN COMM 


® 


VOUT 


^ 




Figure 1. 1B32 Block Diagram and Pinout 

OPERATING INSTRUCTIONS 

Gain Setting: The differential gain of the 1B32 can be either 
pin-strapped or programmed externally with two resistors. The 
internal thin-film gain network (Figure 1) provides gains of 500 
and 333.3 for standard load-cell sensitivities of 2mVA^ and 
3mVA^. This is achieved by connecting GAIN SENSE (Pin 12) 
to GAIN COMM (Pin 13) and grounding Pin 10 or Pin 11 
(Figure 2). The gain tempco using the internal network is an 
excellent ±2ppm/X typ (±6ppm/°C max). 

To program the gain externally, two resistors are connected as 
shown in Figure 3. The gain equation is: 

Rp 



G= 1 + 



Ri 



lOOOpF 
(i-{|-^>1000pF 



^F^'^: 



^.. 




Figure 2. Internal Gain Strapping 

4 7|jiF 

REF REF 




Figure 3. External Gain Setting 

Offset Adjustment: The input-referred offset adjust has the 
same sensitivity as the inputs of the 1B32. The voltage level at 
INPUT OFFSET ADJ (Pin 3) is gained by the same factor as 
the input signal to provide a ± lOV output adjust. Figure 2 
shows an external network and potentiometer set up for a ± 7.5mV 
span at the input, which gives a ±2.5V (7.5mVx 333.3) output 
adjust capability. Wider ranges can be chosen with the appropriate 
resistor and potentiometer values. 

Note: If offset adjustment is not required. Pin 3 must be 
groimded. 

Voltage Excitation Programming: The excitation voltage is 
preset to + lOV. To increase Vexc up to + 15V a resistor must 
be connected between EXC ADJ and SENSE LOW (Pins 21 
and 26) as shown in Figure 4. 

The Vs (REG) input (Pin 18) must be raised to + 18V to satisfy 
the + 3V min input-output voltage differential of the regulator. 
Consult the Performance Characteristics section for safe operating 
conditions of the regulator. For a desired Vexc the resistor 
value, Rextj is determined by the following equations: 

lOkfl X Vrefout ,, 



IVT — 



+ 6.8V 



Rfxt — 



20kn X Rx 



20kn 



The gain-strapping Pins (11 and 12) and GAIN SENSE (Pin 12) 
are left unconnected, effectively floating the internal network. 



The + lOV to + 15V range can be covered by a 20kO potentiometer 
between REF IN (Pin 20) and REF OUT (Pin 19). Rext of 
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Voot(i4)-»» 



Figure 4. Constant Voltage Excitation: + 10V to -h 15V 

Range. 
200kn is recommended for fine adjustment at + lOV excitation 
voltage. 

Similarly to decrease Vexc down to +4V, connect a 200kn 
resistor and a 20kn potentiometer between Pins 19 and 20, 
between SENSE LOW and EXC ADJ (Pins 26 and 21), as 
shown in Figure 5. 



+ 4Vto 
+ 10V jl 




Figure 5. Constant Voltage Excitation: +4to -h 10V Range 

A 4.7\lF tantalum capacitor from REF IN (Pin 20) to COMMON 
(16) is recommended in all cases to lower the voltage noise at 
the reference input. 

The remote sensing inputs should be connected to the transducer 
separately from the excitation leads or jumpered as shown in 
Figure 2. The resistance of the excitation and sense lines should 
not exceed 10ft. 

Power Supply: The Vs REG input (Pin 18) should be connected 
to + Vs (Pin 17) even if the bridge excitation section is not 
used. Also the power supplies should be decoupled with 1^,F 
tantalum and lOOOpF ceramic capacitors as close to the 1B32 as 
possible (Figure 2). 

Input Protection: The 1B32 differential inputs can be protected 
from accidental shorts to power line voltages (115V rms) by the 
circuit shown in Figure 6. The back-to-back diodes clamp the 
inputs to a maximum of ± 12.5V and were selected for low 
leakage current. The 15kft resistors in series with the inputs 
will degrade the noise performance of the 1B32 to 4\iV p-p 
(O.lHz to lOHz). When interfacing with six-wire load cells in 
harsh environments, input protection for the sense inputs is also 
reconunended (Figure 6). 




*30kll 2W RESISTORS FOR 240V INPUT PROTECTION 

Figure 6. 1 15V Input Protection 

PERFORMANCE CHARACTERISTICS 
Input Offset Voltage Drift: The chopper fro^t end of the 1B32 
gives it excellent input offset stability. As shown in Figure 7, it 
typicaUy exhibits drift of ±0.07jjlV/°C RTI at a gain of lOOOVA^ 
(±75fjLV/°C RTO). The measurement is two-point, and is taken 
at - 25**C and + 85°C, which covers the specified temperature 
range of the 1B32. 
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Figure 7. Total Output Offset Drift vs. Gain 
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FREQUENCY - Hz 

Figure 8. Common-Mode Rejection vs. Frequency 
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Figures. Voltage Noise, 0. 1Hz to 10Hz, G = 1000 

Common-Mode Rejection: CMR as a function of frequency is 
shown in Figure 8. Test conditions are a 3V p-p common-mode 
signal and IkH source imbalance. The CMR improves with 
increasing gain. Note that the 4Hz filter enhances the CMR 
performance above the comer frequency by attenuating the 
normal-mode signal at 60dB/decade. 

Gain Nonlinearity and Noise: Gain Nonlinearity is specified as 
a percent of full-scale output, and for the 1B32 it is ±0.005% 
max over the full span. The chopper design also offers exceptional 
low-noise performance, with typical input noise of IfiV p-p in 
the O.lHz to lOHz bandwiddi (Figure 9). 

Low-Pass Filter: The 1B32 has three poles at 4Hz in its design. 
One is introduced in the ampUfier, while the other two are 
provided by an active Butterworth filter following the amplifier. 
Total roll-off is 60dB/decade from 4Hz. The frequency response 
of the filter is shown in Figure 10. 
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Figure 10. Fitter Amplitude Response vs. Frequency, 
G=500 



Tum-On Drift: The 1B32 offset voltage stabilizes to within 
IjjlV of its final value in 10 minutes (Figure 1 1). The test conditions 
are: 350n bridge with a + lOV excitation and ambient temperature 
of +25*'C. 
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Figure 1 1. Offset voltage RTI, Turn-On Drift 

Bridge Excitation: The adjustable bridge excitation is specified 
over a wide regulator input voltage range ( + 9.5V to +28V). 
Maximum load current II as a function of regulator input-output 
differential voltage is shown in Figure 12. The maximum output 
current also depends on ambient temperature, and above + SO^C 
a derating factor of 2mA/*'C must be apphed. The safe operating 
region for internal power dissipation vs. temperatiu*e is graphed 
in Figure 13. 




3 5 10 15 20 24 25 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL - V 

Figure 12. Excitation Source Load Current vs. Input-Output 
Voltage Differential, =^25°C 
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Figure 13. Excitation Source Internal Power Dissipation 
vs. Temperature 
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APPLYING THE 1B32 

Pressure Transducer Interface: A strain gage type pressure 
transducer (Dynisco 800 series) is interfaced to a 1B32 in Figure 
14. Regulated excitation of + lOV dc is provided for a 30mV 
full-scale output for a 0-10,000 psi range of the transducer. A 
shunt calibration resistor is built into the transducer for easy 
verification of the 80% point of its full-scale output. A typical 
shielding scheme to preserve the excellent performance charac- 
teristics of the 1B32 is also shown. To avoid ground loops, 
signal return and cable shield should be groimded only at one 
point. 



COMM -15V 



This configuration yields very high CMR enhanced by the 1B32 
low pass filter and the integrating conversion scheme of the 
AD1170. 



Nr o-in\ 




Figure 14. Pressure Transducer Interface 

Pressure Transducer Data Acquisition System: A two module 
solution for microcomputer based data acquisition using a 1B32 
and an AD1170 18-bit A/D converter is shown in Figure 15. A 
3m VA^ pressure transducer (e.g. Dynisco 800 series) is interfaced 
to a 1B32 configured with a gain of 333.3, to provide a to 5V 
output. The regulated excitation is + 5V, and is used as the 
reference input for the AD1170 to produce ratiometric operation. 




NOTES 

• 3mV/V Load Cell 

• +5V Excitation, 15mV FS 

• Gam = 333 3 



Figure 15. Auto-Calibrating Data Acquisition Using 
1B32andAD1170 

In addition, fixed offsets caused by bridge imbalance can be 
nulled out by the ADl 170 with a power-up initialization command 
from the microcomputer. The full-scale output of the 1B32 and 
transducer can be normalized to the ADl 170 full scale through 
the electronic calibration command ECAL. Both the offset and 
full-scale correction data will then be stored in nonvolatile memory 
to eliminate the need for the trim process after each power-up. 
The ADl 170 eliminates a potentiometer or software overhead 
which might otherwise be needed for these functions. 

Multiple Load-Cells: For transducer configurations where the 
maximum load current of ^e 1B32 is not sufficient, a buffer 
and a power transistor such as a TIP31 can be used as shown in 
Figure 16. This approach will supply 300mA at + lOV excitation 
over -25°C to + 85°C temperature range. In a multiple 1B32 
system an added advantage is that ratiometric operation can be 
preserved by using the excitation voltage as the reference for the 
system A/D converter. 




Figure 16. Multiple Load-Cell Application 
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Mobile Transducer Applications: The small size and reliability 
of the 1B32 make it an excellent choice for mobile applications. 
Since the 1B32 requires bipolar supplies, a possible circuit to 
provide the negative voltage is shown in Figure 17. The CMOS 
TLC555 is powered by a + 12V battery, and typically draws 
360|xA. The output is a square wave that is rectified by the 
diodes and filtered to provide a - 9V supply. Excitation voltage 
should be equal to or less than + 9V for adequate headroom for 
the 1B32 voltage regulator. Note that the 1B32 will operate with 
± 9V supplies as long as the excitation voltage and the output 
range are less than 5V. 




CABLE 
SHIELD 



Digital Output Ofifset Adjust: A 10-bit multiplying DAC such 
as the AD7533 can be used to control the output offset of the 
1B32 as shown in Figure 18. The DAC is configured for unipolar 
operation with an AD OP-07 generating a voltage output. This 
0-lOV output is attenuated by Ri and Rsel and superposed on 
another fixed voltage derived from Vexc- Thus the voltage at 
Pin 3 (INPUT OFFSET ADJUST) is insensitive to the tempco 
of the excitation voltage since it is also used as the reference of 
the DAC. For best performance Ri and R2 should track to 
± Sppm/^'C. As an example, a ± 5V output adjustment can be 
obtained by using Rsel = 200ft for G = 500 and Vexc = 
lOV. 



Vdd{ + 15V) 




,„, INPUT OFFSET 

(2; -INPUT ADJUST 



I 



. Vadj X 200k 



Figure 17. Negative Supply Generation for 1B32 



Figure 18. Output Offset Adjust Using a 10-Bit DAC 



DIGITAL INPUT 
MSB LSB 



ANALOG OUTPUT 

(Eo as shown in Figure 18) 



1111111111 
100000000 1 
1000000000 
111111111 
0000000001 
0000000000 



-Vref(]§|) 

-VREF(i^) 

-Vref(io24) = 
-Vref(]^) 
-Vref(^) 
-Vref(io24) = 



1=0 



Table I. Unipolar Binary Code Table 
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ANALOG 
DEVICES 



Isolated RTD 
Signal Conditioner 




FEATURES 

Complete RTD Signal Conditioning Solution 

Resistor Programmable Linearization 

High CMV Isolation: 1500V rms Continuous 

High Accuracy 

Low Input Offset Tempco: ± 1V/C 

Low Gain Tempco: ±50ppm/X 

Low Nonlinearity: ±0.01% 
HighCMR: 160dB (60Hz, G = 1000V/V) 
Small Package: 1 .0'' x 2.1" x 0.35" DIP 
Low Pass Filter (fc = 3Hz) 
Pin Compatible with 1B51 Isolated mV/Thermocouple 

Conditioner 

APPLICATIONS 

Multichannel RTD Temperature Measurement 
industrial Measurement and Control Systems 
Data Acquisition Systems 



1B41 FUNCTIONAL BLOCK DIAGRAM 




GENERAL DESCRIPTION ^ 

The 1B41 is a precision, isolated, RTD signal cond^l^pi 

incorporates a circuit design utilizing tran^|#nife|: bas^^ fisolati 

and automated surface mount manufp|i|rftg4ecfe^^togy,_It*| 

provides an unbeatable combinatj^(^|i^/l^^||^afiity'and,|jf|:f%|^'k%e'«''' 

in a compact plastic package, ^/^^^^^.foi'mc^ir^cn^d^ii 

control applications, it is especially suited fi^ &^ eii?SJ««^nment^l|^^ 

with extremely high common-mode interf#^ce~^;|P^like ex|^tt%e||;i#*^gglQj^ FEATURES AND USER BENEFITS 



lestj^pW^. c'iirvature can be set positive or negative by pin- 
ipiggHie 1B41. Filtering at 3Hz is implemented by a passive 
; Allsing filter at the input and a two-pole active filter at the 
litpuupverall NMR is 60dB and CMR is 160dB min @ 60Hz. 

l^yi|. .fully specified over - 25°C to + 85°C and operates 
th!i industrial (-40°C to +85°C) temperature range. 



solutions that require separate dc/dc converters, each 1B4\ j, ^f^ 
generates its own floating current excitation, providing true%iw- 
cost channel-to-channel isolation. 

Functionally, the signal conditioner consists of five basic sections: 
chopper stabilized amplifier, dc/dc converter, signal isolation, 
RTD current excitation and output filter. The amplifier section 
features user selectable gains from 10 to 1000 with a gain tempco 
of ± 50ppm/°C. Wide-range zero suppression and low input 
offset drift of IfjiVrC are accomphshed by chopper stabilization. 

The isolation section has complete input to output galvanic 
isolation of 1500V rms continuous by the use of transformer 
coupling techniques. Nonhnearity is an excellent ±0.01% which 
meets the demands of 12-bit systems. 

A stable sensor excitation provides 0.25mA for most RTD ap- 
plications. For nickel and platinum RTDs the excitation is 
compensated to provide an output that is linear with temperature. 



Ease of Use: The IB41 has direct RTD interface with minimum 
external parts required to get a high-level, conditioned signal. 

High Noise Rejection: The combination of a chopper stabilized 
front end with a low pass filter provides high system accuracy in 
harsh industrial environments as well as good rejection of 50/60Hz 
noise. 

Small Size: The 1B41 package size (1.0"x2.1"x 0.35") and 
functional completeness makes it an excellent choice in systems 
with limited board space and clearance. 

Wide Range Zero Suppression: This input referred function is 
a convenient way to null large input offsets. 

Low Pass Filter: The three-pole active filter (fc = 3Hz) reduces 
50/60Hz noise and aliasing errors. 
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SPECIFICATIONS 



(typical @ +25*1; and Vs = +15V unless otheiwise noted) 



Model 



GAIN 
Gain Equation 

Gain Error 

Gain Temperature Coefficient 

Gain Nonlinearity 



OFFSET VOLTAGES 
Total Offset Voltage, Referred to Input 

Initial, (cv + 25°C (Adjustable to Zero) 

vs. Temperature 

vs. Time, Noncumulative 
Output Offset vs. Temperature 



INPUT IMPEDANCE 
Power On 
Power Off 



INPUT VOLTAGE RANGE 
Linear Differential Input 
Max CMV, Input to Output 

ac, 60Hz, Continuous 

Continuous, dc 
CMR, (a 60Hz, Ikii Source Imbalance 
NMRC" 60Hz 
Transient Protection 



INPUT NOISE 

Voltage, 0. IHz to lOHz, Ikil Source Imbalance 



INPUT BIAS CURRENT 

Initial r« +25°C 
vs. Temperature 



RATED OUTPUT 

Voltage, Ikil Load, min' 

Current 

Output Noise, dc to lOOkHz 

Impedance, dc 



DYNAMIC RESPONSE 
Bandwidth, - 3dB 



LINEARIZATION 
Temperature Measurement Range 
Linearizing Accuracy 
to 100°C, Pt lOOn, a a = 0.00385 



CURRENT EXCITATION 




Excitation Level 


0.25mA 


vs. Temperature 


± 70ppm/°C 


POWER SUPPLY 




Voltage, Rated Performance 


±15Vdc 


Voltage, Operating 


-f-12Vto + 18V 


Current, Quiescent 


10mA 



ENVIRONMENTAL 
Temperature Range 

Rated Performance 

Operating 

Storage 
Relative Humidity 



CASE SIZE 



1B41AN 



±1% 

± 50ppm/°C 

±0.01% max 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




(3.81) 
MAX 



— *1K— 0.1 

TT I (2 54) 

^ 0.80 (20.3) TYP—^ TYP 



±500|xVmax 

±lfJLV/°C 

± l|jiV/monthmax 
±20^1 V/°C 



0.3 
(7.62) 
TYP 



5Mn 

39kn 




±5mVto±0.5V 

1500Vrms 
± 2000V peak 
160dBmin 
60dB min 
IEEE-STD47: 



PIN DESIGNATIONS 



dc to 3Hz 



User Programmable 
±0.05°Cmax 



-25°Cto+85°C 
-40°Cto+85X 
-40°Cto+85°C 
Oto95%C« +60°C 



PIN 


DESIGNATION 


1 


HI 


2 


PROTHI 


3 


RTDEXC 


4 


COM 


5 


LO 


6 


RzEXC 


15 


GND 


16 


-15V 


17 


+ 15V 


22 


Vo 


23 


FILTER 


33 


PT 


34 


CONC 


35 


Nl 


36 


LIN 


37 


G 


38 


FB 



1.0" X 2.1" X 0.35" 
(25.4 X 53.3 x8.9)mm 



NOTES 

' ± lOV output can be obtained by doubling the gam of the output s 
Specifications subiect to change without notice. 
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ANALOG 
DEVICES 



Isolated mV/Thermocouple 
Signal Conditioner 




FEATURES 

Functionally Complete Precision Conditioner 

High Accuracy 

Low Input Offset Tempco: ± 1)jiV/X 

Low Gain Tempco: ±50ppm/X 

Low Nonlinearity: ±0.01% 

HighCMR: 160dB (60Hz, G = 1000VA^) 
High CMV Isolation: 1500V rms Continuous 
Small Package : 1 .0" x 2. 1" x 0.35" DIP 
Isolated Power 
Low Pass Filter (fc=3Hz) 
Pin Compatible with 1B41 Isolated RTD Conditioner 

APPLICATIONS 

Multichannel Thermocouple Temperature 

Measurement 

Low Level Data Acquisition Systems 

Industrial Measurement & Control Systems 



1B51 FUNCTIONAL BLOCK DIAGRAM 



€) — (^ 






DEMODULATOR 



INPUT 
POWER 
SUPPLY 






GENERAL DESCRIPTION 

The 1B51 is a precision, mV/thermocouple signal co||j||itii^ 
that incorporates a circuit design utilizing transfoi^^|8^d'? 
isolation and automated surface mount mani^^|jurin^;|^ifology. 
It provides an unbeatable combination (^^'^^^^pAd pef r CfVj 
formance in a compact plastic pack^l''feelife|<pdfor meMiv^G^_ ''''"'High 
and control applications, it is,5^|l|pi^^"%iled f|;)r/l|SMh'iiyi-'' ,-/|^|nt 
ronments with extremely hign '1p^&mih-mod^^ni^lp]ft^re|te*!' ,,|v , hl^^h 
Unlike costlier solutions that reqiiire se^i^ate^Sp/<|f conve^tf^s, '^ j^^iioisie. 



led over - 25°C to + 85°C and operates over 
40°C to + 85°C) temperature range. 



Design features and user benefits 

||se Rejection: The combination of a chopper stabilized 

ikh a low pass filter provides high system accuracy in 

dustrial environments as well as good rejection of 50/60Hz 



each 1B51 generates its own input side p^^r, pfbvidin^&uik 
low-cost channel-to-channel isolation. *' % # 

Functionally, the signal conditioner consists of three basic sections: 
chopper stabilized amplifier, isolation and output filter. The 
chopper amplifier features a highly stable offset tempco of 
± l|xV/°C and resistor programmable gains from 10 to 1000. 
Wide range zero suppression can be implemented at this stage. 

The isolation section has complete input to output galvanic 
isolation of 1500V rms continuous using transformer coupling 
techniques. Nonlinearity is an excellent ±0.01% which meets 
the demands of 12-bit systems. Isolated power of 2mA at ±4.5V 
is provided for ancillary circuits such as zero suppression and 
open-input alarm. Filtering at 3Hz is implemented by a passive 
anti-aliasing filter at the front end and a two pole active filter at 
the output. Overall NMR is 60dB and CMR is 160dB min @ 
60Hz. 



Low Cost: The 1B51 offers a very low cost per channel for 
high performance, isolated, low-level signal conditioners. 

Small Size: The 1B51 package size (1.0" x 2.1" x 0.35") and 
functional completeness makes it an excellent choice in systems 
with limited board space and clearance. 

Wide Range Zero Suppression: This input referred function is 
a convenient way to null large input offsets. 

Low Pass Filter: The three pole active filter (fc = 3Hz) reduces 
60Hz noise and aliasing errors. 
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SPECIFICATIONS <«,<.. 



+25°C and Ys= ±15V unless otherwise noted) 



Model 



GAIN 






Gain Equation 




'-^^' 


Gain Error 




1% 


Gain Temperature Coefficient 




± 50ppm/°C 


Gain Noniinearity 




±0.01% max 


OFFSET VOLTAGES 






Total Offset Voltage, Referred to 


Input 




Initial,® + 25°C (Adjustable 


to Zero) 


200|xVmax 


vs. Temperature 




±1}jlV/°C 


vs. Time, Noncumulative 




± l|xV/monthmax 


Output Offset 






vs. Temperature 




±20iLyrc 


INPUT IMPEDANCE 






Power On 




5Ma 


Power Off 




39kn 



INPUT VOLTAGE RANGE 
Linear Differential Input 
Max CMV, Input to Output 

ac, 60Hz, Continuous 

Continuous, dc 
CMR @ 60Hz, Ikil Source Imbalance 
NMR@60Hz 
Transient Protection 

INPUT NOISE 
Voltage, 0. IHz to lOHz, IkH Source imbalance 



±5mVto±0,5V 

ISOOVmis 

± 2000V peak 

16ddBmin 

60dBmin 

IEEE'-ST04;2(SWC) 

lffcVt)-p 



INPUT BIAS CURRENT 

Initial® +25°C 
vs. Temperature 



RATED OUTPUT 
Voltage, 2kn Load, min^ 
Current 

Output Noise, dc to lOOkHz 
Impedance, dc 



FREQUENCY RESPONSE 
Bandwidth, - 3dB 



ISOLATED POWER 
Voltage, No Load 
Current 

Regulation, No Load to Full Load 
Ripple 



POWER SUPPLY 
Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent 



ENVIRONMENTAL 

Temperature Range 
Rated Performance 
Operating 
Storage 

Relative Humidity 



CASE SIZE 



1B51AN 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



(3.81) 
MAX 




HF 7 I (2.54) 

J ^ 0.80 (20.3) TYP—.^ TYP 




5nA 
25pA/°C 



PIN DESIGNATIONS 



±5V 

±5mA 

TBD 

o.in 



dc to 3Hz 



±4.5V 
2mA 
5% 
lOOmVp-p 



PIN 


DESIGNATION 


1 


HI 


2 


PROTHI 


4 


COM 


5 


LO 


15 


GND 


16 


-15V 


17 


+ 15V 


22 


Vq 


23 


FILTER 


34 


-V,ss 


35 


+ V,ss 


37 


GAIN 


38 


FB 



±15Vdc 

±12Vto±18V 

10mA 



-25°Cto+85°C 
-40°Cto+85X 
-40Xto+85X 
Oto95%@ +60°C 



1.00" X 2. 10" X 0.35" 
(25.4 X 53.3 x8.9)mm 



NOTES 

' ± lOV output can be obtained by doubling the gain of the output stage. 

Specifications subject to change without notice. 
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INSIDE THE 1B51 

Referring to the functional block diagram, the ± 15V power 
inputs provide power to both the output side circuitry and the 
power oscillator. The lOkHz power oscillator provides both the 
timing information for the signal demodulator and drives trans- 
former T2 for the input side power supplies. The secondary 
winding of T2 is full wave rectified and filtered to create the 
input side power. 

The signal input (HI) is single pole filtered for noise rejection 
and anti-aliasing. PROT HI is the output node of the filter, and 
is used only for special input applications, as described in the 
applications section of this data sheet. Timing information derived 
from transformer T2 controls a precision input switch which 
alternates between HI and LO input pins. The output of the 
switch is a square wave with a peak-to-peak amplitude equal to 
the difference between the HI and LO input voltages. A wide 
bandwidth ac amplifier, whose gain is set by an external feedback/ 
gain resistor pair, amplifies the signal and drives the signal 
transformer Tl. 



It is possible to use a trimpot to correct for initial gain and 
system gain errors. The feedback resistor can be comprised of a 
resistor in series with a trimpot, as long as the total resistance 
remains within ±20% of 20kn. Alternatively, the gain resistor 
can also be an adjustable resistor. 

Output Gain Setting: On the output side, FILTER is normally 
connected to Vq for ± 5V. These pins can be used to provide a 
± lOV output swing, or to increase the maximum gain of the 
unit. This is described in the applications examples below. 

Zero Suppression: Since the 1B51 is a differential input device, 
true input referred zero suppression can be accomplished (see 
Figure 1). A voltage reference powered by the input side power 
suppHes is appHed to the LO terminal. Since the transfer function 
is 

Vo = (V(HI) - V(LO)) X GAIN 

the input voltage for which the desired output is zero should be 
applied to the LO pin. The equation is 

+ RZ2)) 



The amplitude modulated signal is demodulated after passing 
through signal transformer Tl. The demodulator output is then Any drift 9|«t|^s%|ut zero suppression voltage appears as offset 
passed through an active two pole filter, completing a three pole drift, -^ a%^^Ac stable reference should be used. If the 
3Hz low pass filter with the input anti-aliasing filter stage. The s^rc|; ||i|)a|aiice seen by the LO input exceeds lOOO, a l|xF 

output of the filter (Vq) is brought out separately ft-om the filt^ 1^^%^s^^acito|>should be connected between LO and COM. 
node (FILTER) to facilitate output side gain. «>/ v. .• fe 



USING THE 1B51 

Gain Setting: The gain of the 1B51 j^^c^i 
side by a pair of user provided rg^s|o^|^ 1 



resistor of 20kn ± 20% is reqm|i^b^edl the Je< 
(FB) and the gain pin. The gain %tting re§^,ti*^'^ 
between the gain pin and input side conif^^n 
equation is '^^ 

= [l.J^]x4 




i^WiVlF 



APPpCAfllll'W^MPLES 
fll^^ Prj^^tioii: Although the 1B51 provides 



: 1500V of 



Gains of 10-1000 can be achieved by adjusting this ratio. 

The accuracy of the resistor values must be taken into account 
when calculating the initial gain accuracy of an application. The 
initial accuracy of the 1B51 must then be added to the resistor 
errors to predict the total accuracy. Likewise, the ratiometric 
temperature coefficient of the gain and feedback resistors must 
be added to the temperature coefficient of the 1B51 to predict 
the total resulting thermal drift. 



iiiP]|t ^t^p:':„ '.^omxG^T^'^f^ protection, it is sometimes desirable to have 

femie level of normal-mode protection as well. The signal input 
of ^|tee ip^l^^ is normally less than ± 500mV (5 V out at a gain of 
tO]{ butjif^ufe be very large under a fault condition. 

IS^he circuit shown in Figure 2 illustrates how to use the PROT 
Hi pin to protect the 1B51 against accidental application of up 
to 220V ac. Under normal operation, one of the diode connected 
transistors is forward biased, while the other is reverse biased. 





INPUT 
POWER 
SUPPLY 




Figure 1. Input Gain Setting and Zero Suppression 



Figure 2. Input Protection 

When the input voltage exceeds the reverse base-emitter break- 
down voltage plus the forward bias voltage drop of the other 
transistor (totaling about 8 volts for the PN3906), current flows 
through the input resistor and transistor pair to input side common. 
The PN3906 also exhibits a very low base-emitter reverse leakage 
current, so as not to affect normal operation of the device. 
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The fault voltage appears mostly across the input resistor, which 
must be 39kft ± 10% because it is part of the input filter. This 
resistor must be capable of dissipating the power supphed by 
the fault source. For 130V ac, this is 0.43W, and for 220V ac, it 
must be able to dissipate 1.24W. 

Output Gain: The 1B51 can be configured to provide gain at 
the output to produce an output range of ± lOV or to increase 
its maximum gain capability to 10,000. By connecting two resistors 
as shown in Figure 3, the output gain is (Rl +R2)/R1. This 
ratio can be as high as 10. The gain of the 1B51 is multiplied by 
this output gain to get the overall gain. The thermal drift of the 
resistor ratio is added to the thermal drift of the 1B51 and input 
side gain resistors. 

Open Input Detection: This can be accomplished by putting a 
resistor from the HI input terminal to + Viss or - Vjss when a 
low impedance input such as a thermocouple is used. For example, 



a IMH resistor from - Viss to HI will cause the output voltage 
to go below the minus full-scale output if the input is opened, 
like a broken thermocouple. 




Figure 3. Increasing Output Range 



,ffk^ ''i0^\ 







m^^ 
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ANALOG 
DEVICES 



High Performance, 4-20mA Output 
Voltage-to-Current Converter 



2B20 



FEATURES 

Complete, No External Components Needed 

Small Size: 1.1" x 1.l" x 0.4" Module 

Input: to +10V; Output: 4 to 20mA 

Low Drift: 0.005%/°C max; Nonlinearity: 0.005% max 

(2B20B) 
Wide Temperature Range: -25°C to +85°C 
Single Supply: +10V to +32V 
Meets ISA Std 50.1 for Type 3, Class L and U, Nonisolated 

Current Loop Transmitters 
Economical 
APPLICATIONS 

Industrial Instrumentation and Control Systems 
D/A Converter — Current Loop Interface 
Analog Transmitters and Controllers 
Remote Data Acquisition Systems 



GENERAL DESCRIPTION 

Model 2B20 is a complete, modular voltage-to-current con- 
verter providing the user with a convenient way to produce 
a current output signal which is proportional to the voltage 
input. The nominal input voltage range is to +10V. The out- 
put current range is 4 to 20mA into a grounded load. 

Featuring low drift (0.005%/°C max, 2B20B) over the -25°C 
to +85°C temperature range and single supply operation (+10V 
to +32V), model 2B20 is available in two accuracy grades. The 
2B20B offers precision performance with nonlinearity error 
of 0.005% (max) and guaranteed low offset error of ±0.1% 
max and span error of ±0.2% max, without external trims. The 
2B20A is an economical solution for applications with lesser 
accuracy requirements, featuring nonlinearity error of 0.025% 
(max), offset error of ±0.4% (max), span error of ±0.6% (max), 
and span stability of 0.01%/°C max. 

The 2B20 is contained in a small (l.l" x l.l" x 0.4"), rugged, 
epoxy encapsulated package. For maximum versatility, two 
signal input (Vini and V1N2) and two reference input (REFjni 
and REF1N2 ) terminals are provided. Utilizing terminals Vini 
and REFiNi eliminates the need for any external components, 
since offset and span are internally calibrated. If higher accu- 
racy (up to ±0.01%) is required, inputs V1N2 and REF1N2 with 
series trim potentiometers may be utilized. 

APPLICATIONS 

Model 2B20 has been designed for applications in process con- 
trol and monitoring systems to transmit information between 
subsystems or separated system elements. The 2B20 can serve 
as a transmission link between such elements of process con- 



2B20 FUNCTIONAL BLOCK DIAGRAM 




5 ) loUT 



COM 



trol system as transmitters, indicators, controllers, recorders, 
computers, actuators and signal conditioners. 
In a typical application, model 2B20 may act as an interface 
between the D/A converter output of a microcomputer based 
system and a process control device such as a variable position 
valve. Another typical application of the 2B20 may be as a 
current output stage of a proportional controller to interface 
devices such as current-to-position converters and current-to- 
pneumatic transducers. 

DESIGN FEATURES AND USER BENEFITS 

Process Signal Compatibility: To provide output signal com- 
patibility, the 2B20 meets the requirements of the Instrument 
Society of America Standard S50.1, "Compatibility of Analog 
Signals for Electronic Industrial Process Instruments" for Type 
3, Class L and U, nonisolated current loop transmitters. 

External Reference Use: For increased flexibility, when ratio- 
metric operation is desired, the 2B20 offers a capability of 
connecting an external reference (i.e., from multiplying D/A 
converter) to the REF1N2 terminal. 

Wide Power Supply Range: A wide power supply range (+10V 
to +32V dc) allows for operation with either a +12V battery, 
a +15V powered data acquisition system, or a +24 V powered 
process control instrumentation. 
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SPECIFICATIONS 



(typical @ +25*^0 and Vs = +15V unless otherwise noted) 



Model 



2B20A 



2B20B 



INPUT SPECIFICATIONS 
Voltage Signal Range 
Input Impedance 



to +10V 
10kJ2 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

-1.13 (287) MAX -H I 



OUTPUT SPECIFICATIONS 
Current Output Range* 
Load Resistance Range^ 
Vs = +12V 
Vs=+15V 
Vs= +24 V 



4 to 20mA 

to 3 son max 
to soon max 
to 9 son max 



1 0.2 TO 0.25 0.04(1.02) 

^(5 TO 6.4) DIA 

1 1 1 1 I ; 



NONLINEARITY (% of Span) 



j-u.Uit J70 max 



XU.UU570 max 



ACCURACY^ 

Warm-Up Time to Rated Specs 
Total Output Error @ +2S°C^''* 

Offset (ViN = volts) 

Span (ViN =+10 volts) 
vs. Temperature (-25°C to +8S°C) 

Offset (ViN=0 volts) 

Span (ViN = +10 volts) 



1 minute 



±0.4% max 
±0.6% max 



±0.01%/ C max 
±0.01%/°C max 



±0,1% max 
±0.2% max 

±O.OOS%/°C max 
±0.005%/°C max 




DYNAMIC RESPONSE 






Settling Time - to 0.1% of F.S. 






for lOV Step 


25AIS 


* 


Slew Rate 


2.5mA/jUs 


* 


REFERENCE INPUT^ 






Voltage 


+2.SVdc 


* 


Input Impedance 


lokn 


* 



POWER SUPPLY 

Voltage, Rated Performance 

Voltage, Operating 

Supply Change Effect (% of Span)* 

on Offset 

on Span 
Supply Current 



+15Vdc 

+10V to +32V dc max 

±0.005%/V 
±O.OOS%/V 
6mA + IloaD 



1625 I 

(4.12) -^ |-^ 



MATING SOCKET: AC1016 

LOAD RESISTANCE RANGE 

The load resistance is the sum of the resistances 
of all connected receivers and the connection 
lines. The 2B20 operating load resistance is 
power supply dependent and will decrease by 
50 ohms for each 1 volt reduction in the power 
supply. Similarly, it will increase by 50 ohms 
per volt increase in the power supply, but must 
not exceed the safe voltage capability of the unit. 



TEMPERATURE RANGE 
Rated Performance 
Storage 



-2S C to +8S C 
-55''Cto+125°C 



CASE SIZE 



1.12S X 1.125 
X 0.4" 



NOTES 

* Specifications same as 2B20A. 

* Current output sourced into a grounded load over a supply voltage range of +10V to + 32V. 
'See Figure 1 for the maximum load resistance value over the power supply range. 

'Accuracy is guaranteed with no external trim adjustments when REFin is connected to REFqut- 
*A11 accuracy is specified as % of output span where output span is 16mA (±0,l%=±0.016mA 
output error), 
'Reference input is normally connected to the reference output (+2.5V dc). 

* Optional trim pots may be used for calibration at each supply voltage. 




10 


15 


20 25 


30 32 


35 


MIN 






MAX 




POWER SUPPLY (+Vs) - 


Volts 




Rl 


MAX = 


Ws-5V) 
20mA 


(«) 





Specifications subject to change without notice. 



Figure 1. Maximum Load Resistance vs. 
Power Supply 
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Applying the 2B20 



PRINCIPLE OF OPERATION 

The design of the 2B20 is comprised of high performance op 
amps, precision resistors and a high stability voltage reference 
to develop biasing and output drive capabiUty. The 2B20 is 
designed to operate from a single positive power supply over a 
wide range of +10V to +32V dc and accepts a single ended, 
to +10V voltage input. The internal reference has nominal out- 
put voltage of +2.5 V (REFqut) ^"^1 is used to develop 4mA out- 
put current for a zero volts input when REFin is connected 
to REFqut- 

The output stage of the 2B20 utilizes a sensing resistor in the 
feedback loop, so the output current is linearly related to the 
voltage input and independent of the load resistance. There is 
no minimum resistance for the loads driven by the 2B20; it 
can drive even a short circuit with no damage to the unit. The 
maximum resistance of the load as seen by the unit (resistance 
of the load plus the resistance of the connecting wire) is lim- 
ited. The maximum external loop resistance, Rl, is given by: 



Rl {^) max 



. / +Vs - 5V \ 
y 20mA j 



Figure 1 shows the operating region of the 2B20. The load 
must be returned to power supply common. The voltage 
appearing between Iqut (pi^^ 5) and COM (pin 2) should not 
exceed Vmax = +Vs - 5V. Exceeding this value (up to +32V 
dc) will not damage the unit, but it will result in a loss of 
linearity. 

The basic connections of the 2B20 are shown in Figure 2. 




Figure 2. Basic Connections Diagram 

OPTIONAL CALIBRATION AND TRIM PROCEDURE 

Model 2B20's factory trimmed offset error is ±0.1% max and 
span error is ±0.2% max (2B20B). In most applications, further 
trimming will not be required. If it is necessary to obtain cali- 
brated accuracy of up to ±0.01%, or, if a high signal source 
resistance (with respect to lOkH) introduces calibration error, 
inputs ViN2 and REFin2 and optional trim pots should be 
used with Vini and REFini open. To perform external trims, 
connect 500S7 potentiometers in series with Vin2 (span trim) 
and REFin2 (offset trim) as shown in Figure 3. Adjust span 
pot, monitoring voltage drop across Rload. to obtain an out- 
put voltage of 5.000V (IouT = 20mA) for a +10V input. Next, 
with volts input, adjust offset pot to obtain l.OOOV output 
(IoUT=4'^A). Check both offset and span and retrim if neces- 
sary after each adjustment. 



lOFFSET TrImI 




Figure 3. l\/loclel 2B20 Connections Using Optional Offset 
and Span Trims 

CONNECTING THE 2B20 FOR TO 10mA OUTPUT 

The 2B20 may be utilized in applications requiring to 10mA 
current output for a to +10V input voltage range as shown 
in Figure 4a. To obtain 0mA output for OV input, adjust the 
offset potentiometer until there is no current flowing in the 
output. The 2B20 span calibration may be adjusted by a 2kfi 
gain potentiometer in series with the Vsig input. 




2N5962 

OR 

EQUIVALENT 



Figure 4a. 2B20 Configuration for to 10mA Operation 

CONNECTING THE 2B20 FOR TO 20mA OUTPUT 

The 2B20 may also be configured for use in applications 
requiring to 20mA output for a to +10V input range as 
shown in Figure 4b. To obtain 0mA output for OV input, 
adjust the offset potentiometer. The 2B20 span calibration 
may be adjusted by a 2k^ gain potentiometer in series with 
the Vsig input. 

OFFSET ^S 




2N5962 

OR 

EQUIVALENT 



Figure 4b. 2B20 Configuration for 0-to-20mA Operation 
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OUTPUT PROTECTION 

In many industrial applications, it may be necessary to protect 
the 4 to 20mA output from accidental shorts to ac line volt- 
ages. The circuit shown in Figure 5 can be used for this pur- 
pose. The maximum permissible load resistance will be lowered 
by a fuse resistance value when protection circuitry is utilized. 



-1SV +1SV A0581 




Figure 5. Output Protection Circuitry Connections 

APPLICATIONS 

Interfacing Voltage Output D/A Converters: The 2B20 is well 
suited in applications requiring 4 to 20mA output from 
D/A converters. The voltage necessary to power the current 
loop can be derived from the same +15V supply that is used 
to power the converter. The D/A converter, such as the 12-bit 
AD DAC80, should be connected for operation on the uni- 
polar to +10V output range. This is shown in Figure 6. After 
the load resistor connection has been made, the current 
loop can be calibrated using the offset and span adjustment 
potentiometers associated with the 2B20 (or the AD DAC80). 
First, a digital input code of all ones is loaded into the D/A, 
and the offset adjustment potentiometer is adjusted for a 
current output of exactly 4mA. Then, a digitai code of all Os 
is loaded into the D/A, and the span adjustment potentiometer 
is adjusted for a voltage across the load that corresponds to a 
current of 20mA -ILSB = 19.9961mA. 



^' 



ADI 923 , 

POWER SUPPLY 3^ 



,^' 



14 |l6 |24 [23 ioOljuF V 
V 
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Figure 6. AD DAC80 - 4 to 20mA Current Loop interface 

Interfacing Current Output D/A Converters: To interface cur- 
rent output D/A converters, such as the AD 5 6 2, a circuit con- 
figuration illustrated in Figure 7 should be used. Since the 
AD562 is designed to operate with an external +10V reference, 
the same external reference may be utilized by the 2B20 for 
ratiometric operation. The output of the AD562 is used to 
drive the summing junction of an operational amplifier to pro- 
duce an output voltage. Using the internal feedback resistor of 
the AD562 provides a to +10V output voltage range suitable 
to drive the 2B20. 



V^ 






lOFFSETADJ | 
— V\A« WNfA— 




Figure 7. 12'Bit -4 to 20mA Current Loop Interface 

Microcomputer — Current Loop Interface: Figure 8 shows a 
typical application of the 2B20 in a multichannel microcom- 
puter analog output system. When a microcomputer is to con- 
trol a final control element, such as a valve positioner, servo- 
mechanism or motor, an analog output board with 4 to 20mA 
outputs is often necessary. The output boards typically have 
from one to eight channels, each with its own D/A converter. 
The 2B20, in a compact package, allows for an easy installation 
without any additional components and offers a 1 2-bit system 
compatible performance. 



-i- 2B20 —»- 



04 



Figure 8. Microcomputer Analog Output Subsystem 

Pressure Control System: In Figure 9, model 2B20 is used in a 
proportional pressure control system. The 3-15psi working 
pressure of a system is monitored with a pressure transducer 
interfaced by the model 2B31 signal conditioner. The high level 
voltage output of the 2B3 1 is converted to a 4 to 20mA to 
provide signal to the limit alarm and proportional control cir- 
cuitry. A current-to-position converter controlling a motorized 
valve completes the pressure-control loop. 
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Figure 9. Proportional Pressure Control System 

Isolated 4 to 20mA Output: For applications requiring up to 
±1500V dc input to output isolation, consider using Analog 
Devices' model 2B22 isolated voltage-to-current converter. 
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ANALjOG 
DEVICES 



High Performance, Isolated 
Voltage-to-Current Converter 




FEATURES 

Wide Input Range: to +1 V to to +10V 

Standard Output Range: 4 to 20mA 

High CMV Input/Output Isolation: 1500V dc Continuous 

Low Nonlinearity: 0.05% max, 2B22L 

Low Span Drift: 0.005%f*C max, 2B22L 

Single Supply: +14V to +32V 

Meets IEEE Std 472: Transient Protection (SWC) 

Meets ISA Std 50.1 : Isolated Current Loop Transmitters 

APPLICATIONS 

Industrial Instrumentation and Process Control 

Ground Loop Elimination 

High Voltage Transient Protection 
D/A Converter — Current Loop Interface 
Analog Transmitters and Controllers 
Remote Data Acquisition Systems 

GENERAL DESCRIPTION 

Model 2B22 is a high performance, compact voltage-to-cur- 
rent converter offering 1500V dc input to output isolation in 
interfacing standard process signals. The input stage of the 
model 2B22 is single resistor programmable to accept voltage 
ranges from to +1V to to +10V. The isolated output cur- 
rent range is 4 to 20mA, and the 2B22 can be operated with 
to 100012 grounded or floating loads. 

Using modulation techniques with transformer isolation for 
reliable performance, the 2B22 is available in three accuracy 
selections offering guaranteed nonlinearity error (2B22L: 
±0.05% max, 2B22K: ±0.1% max, and 2B22J: ±0.2% max) 
and guaranteed low span drift: ±0.005%/°C max, ±0.01%/^C 
max, and ±0.015%/°C max, respectively. The internally trim- 
med span and offset errors are ±0.1% max for the 2B22L and 
±0.25% max for the 2B22J/2B22K. Both span and offset are 
adjustable by the optional external potentiometers. 
Featuring a wide range, single supply operation (+14V to 
+32V), the 2B22 provides isolated +28V loop power and is 
capable of delivering rated current into an external to 100012 
load resistance. The unique output stage configuration also al- 
lows the user to utilize an optional external loop power supply 
to interface systems designed for a two-wire operation. 
APPLICATIONS 

Model 2B22 has been specifically designed for high accuracy 
applications in process control and monitoring systems to offer 
complete galvanic isolation and protection against damage 
from transients and fault voltages in transmitting information 
between subsystems or separated system elements. The 2B22 



2B22 FUNCTIONAL BLOCK DIAGRAM 




meets the requirements of the Instrument Society of America 
Std. 50.1 "Compatibility of Analog Signals for Electronic 
Industrial Process Instruments" for Type 4, Class U isolated 
current loop transmitters. 

In the industrial environment, model 2B22 can serve as a 
transmission link between such system elements as transmit- 
ters, indicators, controllers, recorders, computers, actuators 
and signal conditioners. In data acquisition and control sys- 
tems, the 2B22 may act as an isolated interface between the 
D/A converter output of a microcomputer and standard 4 to 
20mA analog loops. 

DESIGN FEATURES AND USER BENEFITS 
High Reliability: Model 2B22 is a conservatively designed, 
compact module capable of reliable operation in harsh 
environments. To assure high reliability, the 2B22 has a 
calculated MTBF of over 270,000 hours and has been de- 
signed to meet the IEEE Standard for Transient Voltage 
Protection (472-1974: Surge Withstand Capability). 

Process Signal Compatibility: The versatile input stage design 
with a single resistor gain adjustment enables the 2B22 to ac- 
cept any one of the standard inputs— 0-1 V, 0-lOV, 1-5 V; or 
l-5mA, 4-20mA, 10-50mA; and provide standard, isolated 
4-20mA output. 

Isolated Loop Power; Internal 28V dc loop supply, completely 
isolated from the input power terminals (± 1500V dc isolation), 
provides the capability to drive to lOOOfi loads and elimi- 
nates the need for an external dc/dc converter. 
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SPECIFICATIONS m^. 



+25''C and Vs = +15V unless othemise noted) 



2B22J 



INPUT SPECIFICATIONS 








Voltage Signal Range, G = 1.6mA/V 


to +10V 


♦ 


* 


G = 16mA/V 


Oto+lV 


« 


* 


Gain Range 


1.6 to 16m A A^ 


♦ 


♦ 


Maximum Safe Input 


+15V 


♦ 


♦ 


Input Impedance 


lOMn 


♦ 


* 


OUTPUT SPECIFICATIONS 








Current Output Range 


4 to 20mA 


* 


» 


Load Resistance Range, Vs = +14V to +32V, 








Internal Loop Power 


to lOOOn max 


* 


* 


Maximum Output Current, 








@ Input Overload 


25mA 


* 


♦ 


Output Ripple, lOOHz Bandwidth 








G = 1.6mA/V 


60jLtA pk-pk 


* 


* 


NONLINEARITY (% of Span) 


±0.2% max 


±0.1% max 


±0.05% max 


CMV, INPUT TO OUTPUT 








ac, 60Hz, 1 Minute Duration 


1500V rms 


* 


* 


Continuous, ac or dc 


±1500Vpkmax 


♦ 


* 


CMR, INPUT TO OUTPUT 








60Hz, Ikfi Source Imbalance 


90dB 


• 


♦ 


ACCURACY* 








Warm Up Time to Rated Performance 5 Minutes 






Total Output Error @ +25°C* -^ 








Offset {Vin = OV) 


±0.25% max 


±0.25% max 


±0 1% max 


Span(ViN = +10V) 


±0.25% max 


±0 25% max 


±0.1% max 


vs. Temperature (0 to +70°C, G = L6mA/V) 








Offset (ViN = OV) 


±0.01 %/°C max 


±0.005%/°C max 


±0 0025%/°C max 


Span (ViN = +10V) 


±0.01 5%/°C max 


±0.01%/°C max 


±0.005%/°C max 


vs. Temperature (0 to +70°C) 








Offset (Vjti = OV, G = L6mA/V to 








l6mAA^) 


±0.01%/°C 


±0 005%/°C 


±0.002 5%/°C 


Span (G = L6mA/V to 16mAA^)^ 


±0.015%/°C 


±0 01%/°C 


±0 005%/°C 


DYNAMIC RESPONSE 








Settling Time - to 0.1% of F.S. for lOV Step 


300/is 






Slew Rate 


0.06mA/jL£S 






REFERENCE INPUT 








Voltage 


+2.5Vdc 






Input Impedance 


6kfi 






OSCILLATOR 








Frequency, Internal Oscillator 


lOOkHz ± 10% 






External Sync Input 








Frequency 


100kHz±10%max 






Waveform 


Square wave, 

50% duty cycle 






Voltage 


20V p-p 






POWER SUPPLY 








Voltage, Rated Performance 


+15Vdc 






Voltage, Operating 


+14Vto+32Vdc 






Supply Current (at Full Scale Output) 








Using Internal Loop Power 


100mA 






Using External Loop Power 


50mA 






Supply Change Effect (% of Span) 








on Offset (ViN = OV) 


±0.000 5 %/V 






onSpan(ViN = +10V) 


±0.0005%/V 






TEMPERATURE RANGE 








Rated Performance 


to +70°C 






Operating 


-25°C to +75°C 






Storage 


-55°Cto+85°C 






CASE SIZE 


2.2" X 3" X 0.6" 







NOTES 

' Accuracy is guaranteed at G = 1 6mA/V with no external trim 

adjustments when connected as shown in Figure 1 . 
'All accuracy is % of span where span is 16niA (±0.1% = +0.016niA error). 
'Span T.C. for gams higher than 1.6mA/V is Rq dependent - a low T.C. 

(±10ppm/°C) Rq is recommended for best performance 
'Specifications same as 2B22J 
Specifications subject to change without notice. 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



-3 04 MAX (77 2)- 



MOOEL 2B22 
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— 25 MAX (635) 
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INTERCONNECTION DIAGRAM 

Model 2B22 can be applied directly to 
achieve rated performance as shown in 
Figure 1 below. The input stage gain of 
1.6mA/V, to convert a to +10V signal 
into a 4 to 20mA output current, is ob- 
tained with the values shown. A single 
polarity power supply (+14V to +32V dc) 
should be connected to pin 8. To elimi- 
nate ground loops, the user should ensure 
that the signal return (common) lead does 
not carry the power supply current. Pow- 
er common (pin 7) and signal common 
(pin 6) should be tied at the power supply 
common terminal. The voltage difference 
between pins 6 and 7 should not exceed 
0.2V. An internal dc-dc converter pro- 
vides isolated output loop power (pins 13 
and 14), which is connected externally to 
the current output terminals (pins 1 1 and 
12) and a load resistance. The standard 4 
to 20mA current output signal is delivered 
into any external load between zero and 
100012. 




_ 4 TO 20mA 
-CURRENT fiaV- 

OUT SP^Iout 1 

TO TO 

; looon 
-Vloop out n4V 



' ^ — 

11500V dc MAX 

NOTE Resistors Rq and Rq are 1%, 50ppm/°C Metal Film Type Values 
shown are for G = 1 6inA/V For G = 16mA/V, use 10ppm/°C Rg 
and 50ppm/°C Rq 

Figure 1. Basic Connections 
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Applying the Isolated Voltage-to-Current Converter 



FUNCTIONAL DESCRIPTION 

The high performance of model 2B22 is derived from the 
carrier isolation technique which is used to transfer both signal 
and power between the V/I converter's input circuitry and the 
output stage. High CMV isolation is achieved by the transform- 
er coupling between the input amplifier, modulator section 
and the current output circuitry. The block diagram for model 
2B22 is shown in Figure 2 below. 

The 2B22 produces an isolated 4 to 20mA output current 
which is proportional to the voltage input and independent of 
the load resistance. The input amplifier operates single-ended 
and accepts a positive voltage within to +10V range. Gain 
can be set from 1.6mA/V to 16mA/V by changing the gain 
resistor Rq to accommodate input ranges from to +1V (G = 
l6mA/V) to to +10V (G = 1.6mA/V). The transfer function 
isIouT = (4mA + GXViN). 

An internal, high stabiUty reference has nominal output volt- 
age of +2.5V (REF OUT) and is used to develop a 4mA output 
current for a volts input. The terminals REF OUT (pin 1) 
and REF IN (pin 2) should be connected via the offset setting 
resistor Rq. For ratiometric operation, an external reference 
voltage can be connected to the REF IN terminal. 

The 2B22 is designed to operate from a single positive power 
supply over a wide range of +14V to + 32V dc. An internal 
dc-dc converter provides isolated +28V loop power which is 
independent of +Vs. The maximum resistance of the load Rl 
(resistance of the receivers plus the resistance of the connec- 
ting wire) is 1000^. Since the loop power is derived from the 
input side, the current capability of the power supply (+Vs) 
must be 100mA min to supply full output signal current. 




MODEL 2B22 



I. 



3IC 



DE^flODULATOR 



^l 



P 



LOOP 
POWER 
SUPPLY 



Figure 2. Block Diagram - l\4odei 2B22 

OPTIONAL TRIM ADJUSTMENTS 

Model 2B22 is factory calibrated for a to +10V input range 
(G = 1.6mA/V), As shipped, the 2B22 meets its listed specifica- 
tions without use of any external trim potentiometers. Addi- 
tional trim adjustment capability, to reduce span and offset 
errors to ±0.05% max, is easily provided as shown in Figure 3. 
The span and offset trim pots are adjusted while monitoring 
the voltage drop across a precision (or known) load resistor. 
The following trim procedure is recommended; 

1. Connect model 2B22 as shown in Figure 3. 

2. Apply ViN = volts and adjust Rq (Offset Adjust) for 
VouT = +2V±4mV. 



3. Apply ViN = +10.00V and adjust Rq (Span Adjust) for 
VouT = +10V±4mV. 



+15V 

r — («MiMis> 




Figure 3. Optional Span and Offset Adjustment 

GAIN AND OFFSET SETTING 

The gain of the 2B22 is a scale factor setting that establishes 
the nominal conversion relationship to accommodate +1V to 
+10V full scale inputs (Vin). The value of the gain setting re- 
sistor Rg is determined by. RG(kn) = 6.3 14SF/(10.1 - SF) 
where SF is a scale factor equal to the value of Vin ^•^- Ex- 
ample: to convert a to +1V input to the 4 to 20mA output, 
SF = 1 and Rq = 69312. Due to device tolerances, allowance 
should be made to vary Rq by ±5% using the potentiometer. 

The value of the offset resistor Rq is independent from the 
gain setting and given by the relationship: Rq (kH) = 2.5 
(Vref - 2.4) where Vref is the reference voltage applied. For 
example, the reference provided by the 2B22 is +2.5V and 
therefore Rq = 25012. The accuracy of the Rq calculation from 
from the above formula is ±5%. When an external reference 
operation is desired (i.e. for ratiometric operation), connect 
the reference voltage via Rq to pin 2 and leave pin 1 open. 

EXTERNAL LOOP POWER OPERATION 

For maximum versatility, the 2B22's output stage is designed 
to operate from the optional, isolated external loop power sup- 
ply. This feature allows the user to interface systems wired for 
a two-wire operation. As shown in Figure 4, the same wiring is 
used for loop power and output. The load resistance is con- 
nected in series with an external dc power supply (+6V to 
+32V), and the current drawn from the supply is the 4 to 
20mA output signal. The input stage of the 2B22 still requires 
+Vs power, but the current drain from +Vs is limited to 50mA. 
Use of an external loop power may require gain and offset 
trimming to obtain specified accuracy. The maximum series 
load resistance depends on the loop supply voltage as shown 
in Figure 4. 




EXTERNAL 
(+6V To''+32V del 



1 i> < 



— © 

±1500V dc MAX 




S 10 15 20 25 30 36 
EXTERNAL +VlooP - Voltj 



Figure 4. Optional External Loop Power Operation 
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SYNCHRONIZING MULTIPLE 2B22'S 
In applications where multiple 2B22's are used in close prox- 
imity, radiated individual oscillator frequencies may cause 
"beat frequency" related output errors. These errors can be 
eliminated by synchronizing multiple units by connecting the 
SYNC OUT (pin 10) terminal to the SYNC IN (pin 9) terminal 
of the adjacent 2B22. The SYNC OUT terminal of this 
"slaved" unit can be used to drive another adjacent 2B22 
(Figure 5). For best accuracy, each 2B22 should be retrim- 
med when synchronizing connections are used. 




TO ADDITIONAL 



Figure 5. Multiple 2B22's Synchronization 

OUTPUT PROTECTION 

The current output terminals (pins 11 and 12) are protected 
from shorts up to +32V dc but in many industrial appHcations, 
it may be necessary to protect the 4 to 20mA output from 
accidental shorts to ac line voltages in addition to back EMF 
induced from long output connections. The circuit shown in 
Figure 6 can be used for this purpose. The maximum per- 
missible load resistance will be lowered by a fuse resistance 
value when protection circuitry is utilized. 



2822 



FUSE 
1/16A (S.B.) 



•out 

IN4002 "$ 



X 



lnF, 
50V 



">^ VARISTOR Z f^ 

j V272A1 "f 



Figure 6. Output Protection Circuitry Connections 

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND 
CONTROL SYSTEMS 

Process Signal Isolator: In process control applications, model 
2B22 can be applied to interface standard process signals (e.g. 
1 to 5mA, 4 to 20mA, 10 to 50mA, 1 to 5V) and convert 
them to isolated 4 to 20mA output. A typical hook-up of 
model 2B22 is illustrated in Figure 7, showing input resistor 




♦Rg equation accuracy is ±5% 



Re converting the current from a remote loop to a voltage in- 
put, and a span adjustment resistor Rq. A value of Re should 
be selected to develop a minimum of +iV signal with full scale 
input current applied. For example, a 50^ resistor converts 
the 4 to 20mA current input to a 200mV to IV voltage input, 
which the 2B22 isolates and converts to a 4 to 20mA output. 
The reference input (pin 2) is not connected since the process 
signal provides a desired offset. 

Isolated D/A Converter*. Model 2B22 offers total ground isola- 
tion and protection from high voltage transients in interfacing 
D/A converters to standard 4 to 20mA current loops. This 
requirement is common in a microcomputer-based control 
system. The voltage necessary to power the current loop can 
be derived from the same +15V supply that is used to power 
the D/A converter. The D/A converter, such as the 12-bit AD 
DAC80, should be connected for operation on the unipolar 
to +10V output range. This is shown in Figure 8. After the 
load resistor connection has been made, the current loop can 
be calibrated using the offset and span adjustment potentio- 
meters associated with the 2B22. First, a digital input code of 
all one's is loaded into the D/A, and the offset adjustment 
potentiometer is adjusted for a current output of exactly 4mA. 
Then, a digital code of all zero's is loaded into the D/A, and the 
span adjustment potentiometer is adjusted for a voltage across 
the load that corresponds to a current of 20mA less ILSB 
(19.9961mA). 




Figure 8. D/A Converter — Isolated 4 to 20mA Interface 

Pressure Transmitter: In Figure 9, model 2B22 is used in a 
pressure transmitter application to provide complete input- 
output isolation and avoid signal errors due to ground loop 
currents. The process pressure is monitored with a strain gage 
type pressure transducer interfaced by the Analog Devices' 
model 2B30 transducer conditioner. The bridge excitation and 
system power is provided by the model 2B35 triple output 
power supply. The high level voltage output of the 2B30 is 
converted to the isolated 4 to 20mA current for transmission 
to a remote recorder or indicator. 
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Figure 7. Process Signal Current Isolator 



Figure 9. Isolated Pressure Transmitter 
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ANALOG 
DEVICES 



Programmable Output, 
Isolated Voltage-to- Current Converter 




FEATURES 

Wide Input Range, Resistor Programmable 

Pin Programmable Output: 4 to 20mA or to 20mA 

High CMV Input/Output Isolation: ± 1500V pk 

Continuous 
Low Nonlinearity: ±0.05% max (2B23K) 
Low Span Drift: ±0.005%/°C max (2B23K) 
Single Supply Operation: +14V to +28V 
Small Size: 1.8" x 2.4" x 0.6" 
Meets IEEE Std. 472: Transient Protection (SWC) 
Meets ISA Std. 50.1 : Isolated Current Loop 

Transmitters 

APPLICATIONS 

Industrial Instrumentation and Process Control 

Ground Loop Elimination 

Transient Voltage Protection 
Analog Transmitters and Controllers 
Remote Data Acquisition Systems 



GENERAL DESCRIPTION 

The model 2B23 is a high performance, low cost voltage to 
current converter featuring ± 1500V pk input to output isolation 
for interfacing with standard process signals. The input stage of 
the 2B23 may be single resistor programmed to accept voltages 
within a to + lOV range ( + 0.1V to + lOV full scale). The 
isolated output is pin programmable to provide current in the 
range of 4 to 20mA or to 20mA and can be operated with to 
soon grounded or floating loads. 

The 2B23 uses reliable transformer isolation techniques and is 
available in two accuracy selections offering guaranteed non- 
linearity error (2B23K: ±0.05% max, 2B23J: ±0.1% max) and 
guaranteed low span drift (2B23K: ±0.005%/°C max, 2B23J: 
±0.01%/°C max). The internally trimmed span and offset errors 
are ±0.1% for the 2B23K and ±0.25% for the 2B23J. Both 
span and offset may be adjusted using optional external 
potentiometers. 

Featuring wide range, single supply operation ( + 14V to + 28V 
dc), the 2B23 provides isolated loop power, thus eliminating the 
need for an external dc/dc converter. 

APPLICATIONS 

Model 2B23 has been designed to provide high accuracy, versatility 
and low cost in industrial and laboratory system applications 
requiring isolated current transmission. The 2B23 meets the 
requirements of the Instrument Society of America Std. 50. 1 
"Compatibility of Analog Signals for Electronic Industrial Process 
Instruments" and may serve as a transmission link between 
such system elements as computers, controllers, actuators, re- 
corders and indicators. 



2B23 FUNCTIONAL BLOCK DIAGRAM 




MODEL 2B23 



In data acquisition and control systems, the 2B23 may act as an 
isolated interface between the D/A converter output of a micro- 
computer analog I/O and standard 4 to 20mA or to 20mA 
analog loops. In process control systems, the 2B23 may be used 
as a current output stage of a proportional controller to interface 
devices such as current-to-position converters and current-to- 
pneumatic transducers. 

DESIGN FEATURES AND USER BENEFITS 

High CMV Isolation: The 2B23 features high input to output 
galvanic isolation to eliminate ground loops and offer protection 
against damage from transients and fault voltages. Its isolation 
barrier will withstand continuous CMV of ± 1500V pk and 
1500V rms @ 60Hz for 60 seconds. 

High Reliability: To assure high reliability in harsh industrial 
environments, reliable magnetic isolation is used. The 2B23 
meets the IEEE Standard for Transient Voltage Protection (472- 
1974: Surge Withstand CapabiUty) and offers reliable operation 
over — 25°C to +85°C temperature range. 

Versatility: The 2B23 can be easily tailored to the user's appli- 
cation, accommodating a wide range of input voltages, providing 
pin programmable, standard current outputs and offering wide 
range, single supply operation. 

Small Size: To conserve board space, the 2B23 is packaged in a 
compact, 1.8" x 2.4" x 0.6" module. 



SIGNAL CONDITIONtNG COMPONENTS & SUBSYSTEMS 1 1-67 



SPECIFICATIONS 



(typical @ + 25''C and Vs = + 1 5V unless otherwise noted) 



Model 



2B23J 



2B23K 



INPUT SPECIFICATIONS 






Input Voltage Range 






Factory Calibrated 


Oto + lOV 


• 


Full Scale Input 


+ 0. IV min to + lOV max 


• 


Transfer Function (TF) 






Factory Calibrated 


1.6mAA^ 


• 


User Programmable 


1.6mAA^to200mA/V 


• 


Maximum Safe Input 


±15V 


• 


Input Impedance 


lOMfi 


• 


OUTPUT SPECIFICATIONS 






Current Output Range 






User Selectable 


4 to 20mA, to 20mA 


• 


Load Resistance Range 






Internal Loop Power 


to 8000 max 


• 


Maximum Output Current 






@ Input Overload 


22mA typ 


• 


Output Noise 






lOOHz Bandwidth 


1.5|xApk-pk 


• 


NONLINEARITY 


±0.1% max 


± 0.05% max ( ±0.02% typ) 


ISOLATION 






CMV, Input to Output 






ac, 60Hz, 1 min 


ISOOVrms 


• 


Continuous, ac or dc 


± 1500V pk 


• 


Transient Protection 


IEEE Std. 472 (SWC) 


• 


CMR 






@ 60Hz, Ikn Source Imbalance 


86dB 


• 


ACCURACY^ 






Warm Up Time to Rated Performance 


5 Minutes 


• 


Total Output Error® +25°C^'^ 






Offset (ViN = OV) 


±0.25% max 


±0.1% max 


Span(ViN= +10V) 


±0.25% max 


±0.1% max 


vs. Temperature (0 to + 70°C) 






Offset, 4-20mA Mode 


±0.01%/°Cmax 


±0.005%/°Cmax 


0-20mAMode 


±0.01%/°Ctyp 


±0.005%/°Ctyp 


Span, Both Modes 


±0.01%/°Cmax 


±0.005%/°Cmax 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




BOTTOM VIEW 



- 1(2 5) GRID 



MATING SOCKET: 
ACI586 

Dimensions shown in inches and (mm). 





62 




3 15(80 0) ». 






"■ 


1 




... 


o 1 


1 © 

SCALE TRIM @ 

SCALE TRIM @ 


(8 4) 




©PWRCOM 


t 




@flEFCKJT 


.o..@ 


1 

120 




@REF.N 


AC1586 


(30 5) 




@S.GCOM 








®SIGIN( + V,N 


IoutCOM® 






©GAINADJ 


0/4mA SEL@ 






o 


141DIA .^- 

TO 230 ^iO 





^1 (8 4) 



DYNAMIC RESPONSE 
Settling Time to 0. 1% of FS for lOV Step 5ms 
Small Signal Bandwidth 400Hz 



POWER SUPPLY 
Voltage, Rated Performance ( + Vs) 
Voltage, Operating 
Supply Current (@ 20mA Output) 
Supply Change Effect 
on Offset and Span 



+ 15Vdc 

+ 14V min to + 28V max 

75mA 

±0.0015%/V 



ENVIRONMENTAL 
Temperature Range 

Rated Performance to + 70°C 

Operating - 25°C to + 85°C 
Relative Humidity 

per MIL-STD 202, Method 103B ± 0.2% Error 
RFI Immunity 

27MHz (® 5W @ 3ft ± 0. 1% Error 



CASE SIZE 



1.8" X 2.4" X 0.6" 



NOTES 

'Accuracy is guaranteed ^) TF = 1 .6mAA^ with no external trim adjustments when connected m the basic configuration. 
^ All accuracy is % of span where span is 16m A (i.e., ±0.1% = 0.016mA error). 
^Span T.C. for transfer functions higher than 1 .6mA'V is Rg dependent - low T.C. ( ± 10ppm/°C) 
Rg recommended for best performance 



*Specifications same as 2B23J.^ 
Specifications subject to change without notice. 
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Applying the Isolated Voltage-to-Current Converter 



FUNCTIONAL DESCRIPTION 

The high perfonnance of model 2B23 is derived from the carrier 
isolation technique which is used to transfer both signal and 
power between the V/I converter's input circuitry and the output 
stage. High CMV isolation is achieved by the transformer coupling 
between the input amphfier stage, modulator, and current output 
circuitry. A block diagram of the 2B23 is shown in Figure 1. 





V,N = TO + 



TO + 10V INPUT/4-20mA OUTPUT 



±1500VpkMAX 

Figure 2. Basic Interconnections 



Figure 1. 2B23 Functional Block Diagram 

The model 2B23 produces an isolated 4 to 20mA or to 20mA 
output current which is proportional to the input voltage and 
independent of the output load resistance. The input amphfier 
accepts a positive voltage within the range of to + lOV. The 
transfer function of the input stage may be set from 1.6mAA^ to 
200mAA^ (dependent upon the output current range desired) by 
changing the gain resistor Rg connected between pins 5 and 7. 

An internal, high stability reference having a nominal output 
voltage of + 5V (REF OUT) is used to develop a 4mA output 
current for a volts input. REF OUT (Pin 3) and REF IN (Pin 
4) should be connected via the offset scaling resistor Rq. An 
output current bypass section allows scaling of the nominal 4 to 
20mA output current to a range of to 20mA. This is accomphshed 
by connecting the output range select pin (Pin 12) to the Iqut 
pin (Pin 10) thereby providing a bypass for the 4mA. For 4-20mA 
operation, the bypass pin is connected to Iqut COMMON 
(Pin 11). 

The 2B23 is designed to operate from a single positive power 
supply ( + Vs) over a range of + 14V to +28V dc. The power 
supply section consists of an input voltage regulator, a dc/dc 
converter, plus associated rectifying and filtering circuitry. The 
dc/dc converter generates isolated loop power which is independent 
of Vs and capable of driving the maximum load resistance (re- 
sistance of receivers plus the resistance of connecting wire) of 
soon. The current capabihty of the power supply ( + Vs) must 
be 75mA minimum to supply full output signal current. 

BASIC INTERCONNECTIONS 

The 2B23 may be applied to achieve rated performance as shown 
in Figure 2. The transfer function of 1.6mAA/^, for conversion 
of the to + lOV input signal into a 4 to 20mA output current, 
is obtained using the values shown (Ro= lOkH, Rsc = 30in, 
Rg open). For best performance, Rsc should be a metal film, 
±0.1% tolerance, 25ppm/°C resistor and Rq should be ± 1%, 
100ppm/°C. 



A power supply ( + Vs) is connected to Pin 1 . To avoid ground 
loops, the user should ensure that the input signal return (SIG 
COM) does not carry the power supply return current. Power 
common (Pin 2) and signal common (Pin 5) should be tied at 
the power supply common terminal. 

OPTIONAL TRIM ADJUSTMENTS 

Model 2B23 is factory calibrated for a to + lOV input range 
and an output of 4 to 20mA, meeting its listed specifications 
without use of any external trim potentiometers. If desired, 
optional span and zero trim adjustments may be easily accom- 
plished as described in the following sections. 

Input Gain Adjustment: The input gain of the 2B23 is a scale 
factor setting that establishes the nominal conversion relationship 
to acconunodate + 1 V to + lOV full scale inputs (Vin). In addition, 
full scale inputs as low as lOOmV may be accommodated. 

The value of the gain setting resistor Rg is determined by: Rg 
(kll) = 10kn/(G- 1) where G represents a ratio of IOVA^in(V) 
F.S. For example, to convert a to + IV input to 4 to 20mA 
output, ViN F.S. = + IV and G = lOV/lV = 10, therefore Rg 
= lOkn/9 = l.lkO. Due to resistor tolerances, allowance should 
be made to vary Rg by using a series cermet type potentiometer 
(Figure 3). For best performance, Rg should be a metal film, 
1% tolerance, 25ppm/°C resistor. 




TO + IV dc INPUT/4-20inA OUTPUT 



Figure 3. Input Gain Adjustment 
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Offset and Output Scaling Adjustments: After selecting the 
required input stage gain, the 2B23 must then be configured for 
either 4 to 20mA or to 20mA output current range. Figures 4a 
and 4b illustrate the respective methods for each. The value of 
the offset resistor Rq is independent from the gain setting and 
may be adjusted by a series cermet pot. 

For fine adjustment of the output current, Rsc value should be 
trimmed as shown in Figure 3. 




4a. 4-20mA Output Connections 



Ro -^ , 
200kft7^ I 2B23 

offset] 

adjust 1-4^3^ ref out 




4b. 0-20mA Output Connections 
Figure 4. 4-20mA/0-20mA Scaling Connections 

USING MULTIPLE 2B23s 

Unlike other transformer-based isolators, the 2B23 does not 
require any synchronizing circuits to eliminate beat frequency 
related output errors in multichannel applications. This is due 
to the use of pulse- width modulation technique in the 2B23. 
Radiated individual oscillator frequencies will have no effect 
upon performance, even in situations requiring multiple 2B23s 
to be located in close proximity to one another. For this reason, 
no provisions for external synchronization are necessary. 

OUTPUT PROTECTION 

The current output terminals (Pins 10 and 1 1) are protected for 
reverse voltage and shorts up to + 32V dc but in many industrial 
applications it may be necessary to protect the 4 to 20mA from 
accidental shorts to ac line voltages. The circuit shown in Figure 
5 may be employed for this purpose. The maximum permissible 
load resistance will be lowered by a fuse resistance value when 
protection circuitry is utilized. 



FUSE 1/16 A. (S.B ) 




^ - IN4002 



■wU- VARISTOR 
-*T^ V27ZA1 

ceramic! 




APPLICATIONS 

In Figure 6, model 2B23 is used in multiloop application of the 
data acquisition and control system to provide isolated current 
interface to a recorder, indicator and a valve positioner. 




Figure 6. l\/lultiloop Isolation 

In applications requiring current to voltage conversion, the 
2B23 may be used as shown in Figure 7. An external - lOV 
reference is used to provide necessary input offset. This circuit 
will provide ± 1500V isolation in converting 4-20mA into a to 
+ lOV output. The output measurement device must have a 
high input impedance to avoid loading errors. 



+ 15V 

+ Vs // louT@-^ ~-^ O 

+ V,N / / Y OTOXI OTO |1( 

// 0/4mA/;S_J 20mA! 1 50011* 0"^ 



2B23 'out com (11 




(9>— W« \4v«- 

7511 50« 



Figure 7. 4-20mA to to + 10V Isolated Converter 



Figure 5. Output Protection Circuitry 
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ANALjOG 
DEVICES 



High Performance, Economy 
Strain Gage/RTD Conditioners 



2B30/2B31 



FEATURES 

Low Cost 

Complete Signal Conditioning Function 

Low Drift: 0.5mV/**C max ("L"); Low Noise: l/xV p-p max 

Wide Gain Range: 1 to 2000V/V 

Low Nonlinearity: 0.0025% max ("L") 

High CMR: 140dB min (60Hz, G = 1000V/V) 

Input Protected to 130V rms 

Adjustable Low Pass Filter: 60dB/Decade Roll-Off (from 2Hz) 

Programmable Transducer Excitation: Voltage (4V to 15V @ 

100mA) or Current (IdO/iA to 10mA) 
APPLICATIONS 
Measurement and Control of: 

Pressure, Temperature, Strain/Stress, Force, Torque 
Instrumentation: Indicators, Recorders, Controllers 
Data Acquisition Systems 
Microcomputer Analog I/O 

GENERAL DESCRIPTION 

Models 2B30 and 2B31 are high performance, low cost, com- 
pact signal conditioning modules designed specifically for high 
accuracy interface to strain gage-type transducers and RTD's 
(resistance temperature detectors). The 2B31 consists of three 
basic sections: a high quality instrumentation amplifier; a 
three-pole low pass filter, and an adjustable transducer excita- 
tion. The 2B30 has the same amplifier and filter as the 2B31, 
but no excitation capability. 

AvaUable with low offset drift of 0.5iuV/°C max (RTI, G = 
lOOOV/V) and excellent linearity of 0.0025% max, both 
models feature guaranteed low noise performance (IjuV p-p 
max) and outstanding 140dB common mode rejection (60Hz, 
CMV = ±10V, G = lOOOV/V) enabling the 2B30/2B3 1 to main- 
tain total amplifier errors below 0.1% over a 20° C temperature 
range. The low pass filter offers 60dB/decade roll-off from 
2Hz to reduce normal-mode noise bandwidth and improve 
system signal-to-noise ratio. The 2B31's regulated transducer 
excitation stage features alow output drift (0.015%/°C max) 
and a capability of either constant voltage or constant cur- 
rent operation. 

Gain, filter cutoff frequency, output offset level and bridge 

excitation (2B31) are all adjustable, making the 2B30/2B31 

the industry's most versatile high-accuracy transducer-interface 

modules. Both models are offered in three accuracy selections, 

J/K/L, differing only in maximum nonlinearity and offset drift 

specifications. 

APPLICATIONS 

The 2B30/2B31 may be easily and directly interfaced to a wide 

variety of transducers for precise measurement and control of 

pressure, temperature, stress, force and torque. For ap- 



2B31 FUNCTIONAL BLOCK DIAGRAM 




plications in harsh industrial environments, such characteristics 
as high CMR, input protection, low noise, and excellent tem- 
perature stability make 2B30/2B31 ideally suited for use in 
indicators, recorders, and controllers. 

The combination of low cost, small size and high performance 
of the 2B30/2B31 offers also exceptional quality and value to 
the data acquisition system designer, allowing him to assign a 
conditioner to each transducer channel. The advantages of this 
approach over low level multiplexers include significant im- 
provements in system noise and resolution, and elimination of 
crosstalk and aliasing errors. 

DESIGN FEATURES AND USER BENEFITS 
High Noise Rejection: The true differential input circuitry 
with high CMR (140dB) eliminating common-mode noise 
pickup errors, input filtering minimizing RFI/EMI effects, out- 
put low pass filtering (fc=2Hz) rejecting 50/60Hz line frequen- 
cy pickup and series-mode noise. 

Input and Output Protection: Input protected for shorts to 
power lines (130V rms), output protected for shorts to ground 
and either supply. 

Ease of Use: Direct transducer interface with minimum exter- 
nal parts required, convenient offset and span adjustment 
capability. 

Programmable Transducer Excitation: User-programmable 
adjustable excitation source-constant voltage (4V to 15V @ 
100mA) or constant current (lOOjuA to 10mA) to optimize 
transducer performance. 

Adjustable Low Pass Filter: The three-pole active filter 
(fc=2Hz) reducing noise bandwidth and aliasing errors with 
provisions for external adjustment of cutoff frequency. 
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SPECIFICATIONS 



(typical @ +25*^0 and Vs = ±15V unless otherwise noted) 





2B30J 


2B30K 


2B30L 


MODEL 


2B31J 


2B31K 


2B31L 


gain' 








Gain Range 


1 to 2000V/V 


• 


♦ 


Gain Equation 


G = (1 + 94kn/RG ) [20kn/(Rp + 








16 2kn)i 


• 


* 


Gain Equation Accuracy 


±2% 


* 


* 


Fine Gain (Span) Adjust Range 


±20% 


* 


* 


Gam Temperature Coefficient 


±25ppm/°C max (±10ppm/°C typ) 


* 


* 


Gain Nonlinearity, 


+0 01% max 


±0.005% max 


±0 0025% max 


OFFSET VOLTAGES' 








Total Offset Voltage, Referred to 








Input 








Initial, @ +25°C 


Adjustable to Zero (±0 5mV typ) 






Warm-Up Drift, 10 Min , G = 1000 


Within ±5mV (RTI) of Final Value 






vs Temperature 








G = IV/V 


±150/L(V/°Cmax 


±75MV/°Cmax 


±50aiV/°C max 


G = lOOOV/V 


+3/iV/'C max 


±l/uV/"Cmax 


±0 5mV/"C max 


At Other Gains 


±(3±150/G)MV/°Cmax 


±(1 ±75/G)AiV/°Cm 


IX ±(0 5 ± 50/G))uV/°C max 


vs. Supply, G = lOOOV/V^ 


±25/iV/V 






vs. Time, G = lOOOV/V 


±5MV/month 






Output Offset Adjust Range 


±10V 






INPUT BIAS CURRENT 








Initial @ +25°C 


+200nA max (lOOnA typ) 






vs Temperature (0 to +70°C) 


-0 6nA/°C 






INPUT DIFFERENCE CURRENT 








Initial @ +25°C 


±5nA 






vs Temperature (0 to +70°C) 


+40pA/°C 






INPUT IMPEDANCE 








Differential 


100Mn||47pF 






Common Mode 


100Mn||47pF 






INPUT VOLTAGE RANGE 








Linear Differential Input 


±10V 


* 




Maximum Differential or CMV Input 








Without Damage 


130V rms 






Common Mode Voltage 


±10V 






CMR, lkJ2 Source Imbalance 








G= IV/V, dcto60Hz' 


90dB 






G = lOOV/V to 2000V/V, 60Hz' 


140dB min 






dc^ 


90dBmin(112 typ) 






INPUT NOISE 








Voltage, G = lOOOV/V 








01Hzto2Hz 


1/iV p-p max 






lOHz to lOOHz^ 


IMV p-p 






Current, G = 1000 








01Hzto2Hz 


70pA p-p 






lOHz to lOOHz^ 


30pA rms 







RATED OUTPUT' 

Voltage, 2kn Load^ ±10V mm 

Current ±5mA mm 

Impedance, dc to 2Hz, G = lOOV/V m 

Load Capacitance OljuF max 



DYNAMIC RESPONSE (Unfiltered)' 
Small Signal Bandwidth 

-3dB Gain Accuracy, G = lOOV/V 30kHz 

G = lOOOV/V 5kHz 

Slew Rate IV/ps 

Full Power 15kHz 

Settling Time, G = 100, ±10V Output 

Step to ±0 1% 30/xs 



LOW PASS FILTER (Bessel) 
Number of Poles 
Gam (Pass Band) 
Cutoff Frequency (-3dB Point) 
Roll-Off 
Offset (at 2 5°C) 

Settling Time, G = lOOV/V, ±10V 
Output Step to ±0 1% 



2Hz 

60dB/decade 

±5mV 



BRIDGE EXCITATION (See Table 1) 


POWER SUPPLY* 

Voltage, Rated Performance 
Voltage, Operating 
Current, Quiescent* 


±15Vdc 

±(12 to 18)V dc * 

±15niA 


* 


TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 


to +70°C 

-25°C to +85°C • 

-55''Cto+125°C 


; 


CASE SIZE 


2" X 2" xO 4" (51x51x10 2mm) * 


* 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

I-* 201(508) MAX »-j , 



MODELS 2830/31 



"I 20 (5 08) MIN 
^— 25 (6 35) MAX 



002(0 5)DIA*«I|-* ijl 
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16 






























ISO- 






































































\ 












































































































































^T 


2 01 
(50 8) 
MAX 


r" 






























U23 






























8<^ 


































































































































































































































































't 




1 
































- J- 
































BOTTOM VIEW 
WEIGHT 39 G 
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(■ 


1 (2 54) GRID 





PIN DESIGNATIONS 



PIN 


FUNCTION 


PIN 


FUNCTION 




OUTPUT KUNFILTERED) 


16 


EXCSEL1 


2 


FINE GAIN (SPAN) ADJ 


17 


ISEL 


3 


FINE GAIN (SPAN) ADJ. 


18 


Vexc out 


4 


FILTER OFFSET TRIM 


19 




S 


FILTER OFFSET TRIM 


20 


SENSE HIGH (+) 


6 


BANDWIDTH ADJ 3 


21 


EXC SEL 2 


7 


OUTPUT 2 (FILTERED) 


22 


REF OUT 


8 


BANDWIDTH ADJ. 2 


23 


SENSE LOW (-) 


9 


BANDWIDTH ADJ 1 


24 


REGULATOR +Vr m 


10 


Rgain 


25 


REF IN 


11 


Rgain 


26 


-Vs 


12 


-INPUT 


27 


+Vs 


13 


INPUT OFFSET TRIM 


28 


COMMON 


14 


INPUT OFFSET TRIM 


29 


OUTPUT OFFSET TRIM 


15 


+ INPUT 







Note Pins 16 thru 25 are not connected in Model 2830 

AC1211/AC1213 MOUNTING CARDS 



'li/S'-ir-iKH 000 ofr-ir^r--, XoJ^ 




4 1—0462(1173) 



AC1211/AC1213 
CONNECTOR DESIGNATIONS 



Tin 


FUNCTION 


PIN 


FUNCTION 


A 


REGULATOR +Vr in 


1 


EXC SEL 1 


B 


SENSE LOW (-) 


2 


ISEL 


C 


REF OUT 


3 


Vexc OUT 


D 


REF IN 




Iexc out 


E 






SENSE HIGH (+) 


F 






EXC SEL 2 


H 






OUTPUT OFFSET TRIM 


K 


-Vs 


-Vs 


L 


+Vs 


10 


+Vs 


M 








N 


COMMON 


12 


COMMON 


P 




13 




R 


FINE GAIN ADJ 


14 




S 


FINE GAIN ADJ. 


15 




T 


FILTER OFFSET TRIM 


16 




U 


FILTER OFFSET TRIM 


17 


Rgain 


V 


OUTPUT 2 (FILTERED) 


18 




w 


-INPUT 


19 


OUTPUT 1 (UNFILTERED) 


X 


INPUT OFFSET TRIM 


20 


BANDWIDTH ADJ 1 


Y 


INPUT OFFSET TRIM 


21 


BANDWIDTH ADJ 3 


z 


+ INPUT 


22 


BANDWIDTH ADJ 2 



•Specifications same as 2B30J/2B31J 

' Specifications referred to output at pin 7 with 3 75k, 1%, 25ppni/°C 

fine span resistor installed and internally set 2Hz filter cutoff 

frequency 
' Specifications referred to the unfiltered output at pin 1 
'Protected for shorts to ground and/or either supply voltage 
* Recommended power supply ADI model 902-2 or model 2B35 
' Tracking power supplies 

' Does not include bridge excitation and load currents 
Specifications subject to change without notice 



The AC121 1/AC1213 mounting card is available for the 
2B30/2B31 . The AC121 1/AC1213 is an edge connector 
card with pin receptacles for plugging in the 2B30/2B31 
In addition, it has provisions for installing the gain re- 
sistors and the bridge excitation, offset adjustment and 
filter cutoff programming components. The AC1211/ 
AC1213 Is provided with a Cinch 251-22-30-160 (or 
equivalent) edge connector. The AC1213 Includes the 
adjusLtment pots; no pots are provided with the 
AC1211. 
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Understanding the 2B30/2B31 



FUNCTIONAL DESCRIPTION 

Models 2B30 and 2B3 1 accept inputs from a variety of full 
bridge strain gage-type transducers or RTD sensors and con- 
vert the inputs to conditioned high level analog outputs. The 
primary transducers providing direct inputs may be 6012 to 
100012 strain gage bridges, four-wire RTD's or two- or three- 
wire RTD's in the bridge configuration. 

The 2B30 and 2B31 employ a multi-stage design, shown in 
Figure 1 , to provide excellent performance and maximum 
versatility. The input stage is a high input impedance (10®^), 
low offset and drift, low noise differential instrumentation 
amplifier. The design is optimized to accurately amplify low 
level (mV) transducer signals riding on high common mode 
voltages (±10V), with wide (1-2000V/V), single resistor (Rq), 
programmable gain to accommodate 0.5mV/V to 36mV/V 
transducer spans and 5^ to 2000^2 RTD spans. The input 
stage contains protection circuitry for accidental shorts to 
power line voltage (130V rms) and RFI filtering circuitry. 

The inverting buffer amplifier stage provides a convenient 
means of fine gain trim (0.8 to 1.2) by using a lOkfi poten- 
tiometer (Rp); the buffer also allows the output to be offset 
by up to ±10V by applying a voltage to the noninverting input 
(pin 29). For dynamic, high bandwidth measurements— the 
buffer output (pin 1) should be used. 

The three-pole active filter uses a unity-gain configuration and 
provides low-pass Bessel-type characteristics-minimum over- 
shoot response to step inputs and a fast rise time. The cutoff 
frequency (-3dB) is factory set at 2Hz, but may be increased 
up to 5 kHz by addition of three external resistors (RseLi - 
RsELs). 

INTERCONNECTION DIAGRAM AND SHIELDING 
TECHNIQUES 

Figure 1 illustrates the 2B3 1 wiring configuration when used 
in a typical bridge transducer signal conditioning application. 
A recommended shielding and grounding technique for pre- 
serving the excellent performance characteristics of the 2B30/ 
2B31 is shown. 

Because models 2B30/2B31 are direct coupled, a ground return 
path for amplifier bias currents must be provided either by di- 
rect connection (as shown) or by an implicit ground path 
having up to 1MS2 resistance between signal ground and condi- 
tioner common (pin 28). The sensitive input and gain setting 



terminals should be shielded from noise sources for best per- 
formance, especially at high gains. To avoid ground loops, sig- 
nal return or cable shield should never be grounded at more 
than one point. 

The power supplies should be decoupled with 1/iF tantalum 

and lOOOpF ceramic capacitors as close to the amplifier as 

possible. 

TYPICAL APPLICATION AND ERROR BUDGET 

ANALYSIS 

Models 2B30/2B31 have been conservatively specified using 

min-max values as well as typicals to allow the designer to 

develop accurate error budgets for predictable performance. 

The error calculations for a typical transducer application, 

shown in Figure 1 (350J2 bridge, ImV/V F.S., lOV excitation), 

are illustrated below. 

Assumptions: 2B31L is used, G = 1000, AT = ±10°C, source 

imbalance is 10012, common mode noise is 0.25V (60Hz) on 

the ground return. 

Absolute gain and offset errors can be trimmed to zero. The 
remaining error sources and their effect on system accuracy 
(worst case) as a % of Full Scale (lOV) are listed: 





Effect on 


Effect on 




Absolute Accuracy 


Resolution 


Error Source 


%ofF.S. 


%ofF.S. 


Gain Nonhnearity 


±0 0025 


±0.0025 


Gain Drift 


±0.025 




Voltage Offset Drift 


±0 05 




Offset Current Drift 


±0.004 




CMR 


±0.00025 


±0.00025 


Noise (0 01 to 2Hz) 


±0 01 


±0.01 


Total Amplifier Error 


±0 09175 max 


±0.01275 max 


Excitation Drift 


±0.15 (±0.03 typ) 
±0.24175 max 




Total Output Error 


±0.0127 max 


(Worst Case) 


(±0.1 typ) 





The total worst case effect on absolute accuracy over ±10 C is 
less than ±0.25% and the 2B31 is capable of 1/2 LSB resolu- 
tion in a 12 bit, low input level system. Since the 2B31 is con- 
servatively specified, a typical overall accuracy error would be 
lower than ±0.1% of F.S. 

In a computer or microprocessor based system, automatic 
recalibration can nullify gain and offset drifts leaving noise, 
nonlinearity and CMR as the only error sources. A transducer 
excitation drift error is frequently eliminated by a ratiometric 
operation with the system's A/D converter. 



902 2 POWER SUPPLY 
COM -15V +15V 



CABLE SHIELD 




NOTE ALL TRIM POTS SHOULD BE 
100 PPM/°C OR BETTER (79 PR TYPE 
15 TURN CERMET RECOMMENDED) 



_^t^^ty^f *r^ ^UvOwO^ ' 



I^OKfi L. 


mSsOkn RsEL, 


RSELZ 


RSEL3 


20knl 


Rf 


< OUTPUT 






' FILTER 
-Vs OFFSET 


FINE 


-Vs OFFSET 






SPAN 


ADJ 






TRIM 



Figure 1. Typical Bridge Transducer Application Using 2B31 
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BRIDGE EXCITATION (2B31) 

The bridge excitation stage of the model 2B3 1 is an adjustable 
output, short circuit protected, regulated supply with internally 
provided reference voltage (+7. 15V). The remote sensing 
inputs are used in the voltage output mode to compensate 
for the voltage drop variations in long leads to the transducer. 
The regulator circuitry input (pin 24) may be connected to 
+Vs or some other positive dc voltage (pin 28 referenced) 
within specified voltage level and load current range. User- 
programmable constant voltage or constant current excitation 
mode may be used. Specifications are listed below in Table I. 



1% RsEL ^or several common filter cutoff (-3dB) frequencies. 



MODEL 


2B31J 


Constant Voltage Output Mode 




Regulator Input Voltage Range 


+9.5V to +28V 


Output Voltage Range 


+4Vto+15V 


ivcguiaior input/ uuipui voltage 




Differential 


3V to 24V 


Output Current' 


to 100mA max 


Regulation, Output Voltage 




vs Supply 


05%/V 


Load Regulation, II = 1mA to 




II = 50mA 


1% 


Output Voltage vs Temperature 


015%/°Cmax 


(0 to +70°C) 


003%/°C typ 


Output Noise 


ImV rms 


Reference Voltage (Internal) 


7 15V ±3% 


Constant Current Output Mode 




Regulator Input Voltage Range 


+9 5V to +28V 


Output Current Range 


lOOjLtA to 10mA 


Compliance Voltage 


to lOV 


Load Regulation 


1% 


Temperature Coefficient 




(0 to +70°C) 


003%/°C 


Output Noise 


IpiA rms 



* Output Current derated to 33mA max for 24V regulator input/output 
voltage differential 

Table I. Bridge Excitation Specifications 

OPERATING INSTRUCTIONS 

Gain Setting: The differential gain, G, is determined according 
to the equation: 

G = (1 +94k^/RG) [20kl2/(RF + 16.2^)] 
where Rq is the input stage resistor shown in Figure 1 and Rp 
is the variable 10kl2 resistor in the output stage. For best 
performance, the input stage gain should be made as large as. 
possible, using a low temperature coefficient (lOppm/ C) Rq, 
and the output stage gain can then be used to make a ±20% 
linear gain adjustment by varying Rp . 

Input Offset Adjustment: To null input offset voltage, an op- 
tional lOOk^ potentiometer connected between pins 13 and 
14 (Figure 1) can be used. With gain set at the desired value, 
connect both inputs (pins 12 and 15) to the system common 
(pin 28), and adjust the lOOk^ potentiometer for zero volts 
at pin 3. The purpose of this adjustment is to null the internal 
amplifier offset and it is not intended to compensate for the 
transducer bridge unbalance. 

Output Offset Adjustment: The output of the 2B30/2B3 1 can 
be intentionally offset from zero over the ±10V range by apply- 
ing a voltage to pin 29, e.g., by using an external potentiometer 
or a fixed resistor. Pin 29 is normally grounded if output off- 
setting is not desired. The optional filter amplifier offset null 
capability is also provided as illustrated in Figure 1. 

Filter Cutoff Frequency Programming: The low pass filter cut- 
off frequency may be increased from the internally set 2 Hz by 
the addition of three external resistors connected as shown in 
Figure 1. The values of resistors required for a desired cutoff 
frequency, f^, above 5 Hz are obtained by the equation below: 

RsELi = 11.6 X 10^/(2.67fc -4.34); 

RsEL2=27.6Xl0^/(4.12fc-7) 

RSEL3 = 1.05 X 10^/(0.806fc - 1.3) 

where Rsel is in ohms and fc in Hz. Table II gives the nearest 





RSELI (kfi) 


RSEL2 (k") 


RSEL3 (kfi) 


c(Hz) 


(Kn 1 to 9) 


(Pin 9 to 8) 


(Pin 8 to 6) 


2 


Open 


Open 


Open 


5 


1270.000 


2050 00 


383 000 


10 


523 000 


806 00 


154.000 


50 


90 000 


137.00 


26.700 


100 


44.200 


68.10 


13 300 


500 


8 660 


13 30 


2.610 


1000 


4.320 


6 65 


1.300 


5000 


0.866 


133 


0.261 



Table II. Filter Cutoff Frequency vs. RsEL 
Voltage Excitation Programming: Pin connections for a con- 
stant voltage output operation are shown in Figure 2. The 
bridge excitation voltage, Vexc> is adjusted between +4V to 
+15V by the 20kl2 (50ppm/°C) RysEL potentiometer. For 
ratiometric operation, the bridge excitation can be adjusted 
by applymg an external positive reterence to pin 2 5 ot the 
2B31. The output voltage is given by: Vexc OUT - 3.265Vref 
IN. The remote sensing leads should be externally connected 
to the excitation leads at the transducer or jumpered as shown 
in Figure 2 if sensing is not required. 

2S |l6 [21 \V [19 




SEL1 SEL2 



(C TEMPERATURE DRIFT M, 



ALOWTC EXTERNAL REFERENCE 



<! BE IMPROVED BY USE 



Figure 2. Constant Voltage Excitation Connections 
Current Excitation Programming: The constant current excita- 
tion output can be adjusted between lOOjuA to 10mA by two 
methods with the 2B31. Figure 3 shows circuit configuration 
for a current output with the maximum voltage developed 
across the sensor (compliance voltage) constrained to +5V. The 
value of programming resistor Risel '"ay be calculated from 
the relationship: Risel = (Vreg IN - Vref in)/Iexc OUT- 
This application requires a stable power supply because any 
variation of the input supply voltage will result in a change 
in the excitation current output. 



(+9 5V TO +28V) y 




Figure 3. Constant Current Excitation 
Connections (Vcoi\/IPL =0to +5V) 

A compliance voltage range of to +10V can be obtained by 
connecting the 2B31 as shown in Figure 4. The 2kS2 potenti- 
ometer Risel is adjusted for desired constant current excita- 
tion output. 



c TO +2avi N . ^a/ « !!IIL 



n 



An i2L 



Figure 4. Constant Current Excitation 
Connections (V(X)MPL = Oto+lOV) 
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Applying the 2B30/2B31 



APPLICATIONS 

Strain Measurement: The 2B30 is shown in Figure 5 in a strain 
measurement system. A single active gage (120^, GF = 2) is 
used in a bridge configuration to detect small changes in gage 
resistance caused by strain. The temperature compensation is 
provided by an equivalent dummy gage and two high precision 
120fi resistors complete the bridge. The 2B35 adjustable 
power supply is set to a low +3V excitation voltage to avoid 
the self-heating error effects of the gage and bridge elements. 
System calibration produces a IV output for an input of 1000 
microstrains. The filter cutoff frequency is set at lOOHz. 



ACTIVE 
GAGE 
OTO 120" 
lOOOfie 




0--K5)--<8>--(6>-J 

44 2kn 68 1kn 13 3kn 

Figure 5. Interfacing Half-Bridge Strain Gage Circuit 
Pressure Transducer Interface: A strain gage type pressure 
transducer (BLH Electronics, DHF Series) is interfaced by the 
2B31 in Figure 6. The 2B31 supplies regulated excitation 
(+10V) to the transducer and operates at a gain of 333.3 to 
achieve 0-lOV output for 0-10,000 p.s.i. at the pressure trans- 
ducer. Bridge Balance potentiometer is used to cancel out any 
offset which may be present and the Fine Span potentiometer 
adjustment accurately sets the full scale output. Depressing 
the calibration check pushbutton switch shunts a system cali- 
bration resistor (Rcal) across the transducer bridge to give an 
instant check on system calibration. 



CABLE SHIELD 




Figure 6. Pressure Transducer Interface Application 

Platinum RTD Temperature Measurement: In Figure 7 model 
2B31 provides complete convenient signal conditioning in a 



wide range (-100°C to +600° C) RTD temperature measure- 
ment system. YSI - Sostman four-wire, 10012 platinum RTD 
(PT139AX) is used. The four wire sensor configuration, com- 
bined with a constant current excitation and a high input im- 
pedance offered by the 2B31, eHminates measurement errors 
resulting from voltage drops in the lead wires. Offsetting may 
be provided via the 2B3rs offset terminal. The gain is set by 
the gain resistor for a +10V output at +600° C. This applica- 
tion requires a stable power supply. 



lOOOpF 
I ^1 — i lOOOpF 




Figure 7. Platinum RTD Temperature Measurement 

Interfacing Three-Wire Sensors: A bridge configuration is par- 
ticularly useful to provide offset in interfacing to a platinum 
RTD and to detect small, fractional sensor resistance changes. 
Lead compensation is employed, as shown in Figure 8, to 
maintain high measurement accuracy when the lead lengths are 
so long that thermal gradients along the RTD leg may cause 
changes in line resistance. The two completion resistors (Rl, 
R2) in the bridge should have a good ratio tracking (±5ppm/°C) 
to eliminate bridge error due to drift. The single resistor (R3) 
in series with the platinum sensor must, however, be of very 
high absolute stability. The adjustable excitation in the 2B31 
controls the power dissipated by the RTD itself to avoid 
self -heating errors. 



COM -15V 




OUTPUT (7>-0 OTO 



Figure 8. Three-Wire RTD Interface 

linearizing Transducer Output: To maximize overall system 
linearity and accuracy, some strain gage-type and RTD trans- 
ducer analog outputs may require Hnearization. A simple cir- 
cuit may be used with the 2B31 to correct for the curvature 
in the input signal as shown in Figure 9. The addition of feed- 
back in the excitation stage will allow for the correction of 
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nonlinearity by the addition of two components. The sense 
of the feedback is determined by whether the nonlinearity 
is concave upward or concave downward (jumper A to pin 21, 
or to pin 25). The magnitude of the correction is determined 
by the resistor, Rsel» ^^^ the linearity adjust pot provides 
a fine trim. 

If an RTD is to be used, the adjustment can be made effi- 
ciently, without actually changing the temperature, by 
simulating the RTD with a precision resistance decade. The 
offset is adjusted at the low end of the resistance range, the 
fine span is adjusted at about one third of the range, and 
the linearity is adjusted at a resistance corresponding to 
full-scale temperature. One or two iterations of the adjust- 
ments will probably be found necessary because of the 
interaction of Hnearity error and scale-factor error. This 
circuit's applications are not restricted to RTD's; it will 
work in most cases where bridges are used — e.g., load cells 
and pressure transducers. 



BRIDGE COMPLETION 
RESISTORS SHOULD BE 
±0 06%,Sppiii/°C 




N 21 FOR ^NONLINEARITY 

2 RESISTOR RsEL DETERMINES MAGNITUDE OF CORRECTION 

3 THE SAME CIRCUIT MAY BE USED FOR STRAIN GAGE TYPE TRANSDUCERS 

Figure 9. Transducer Nonlinearity Correction 

PERFORMANCE CHARACTERISTICS 
Input Offset Voltage Drift: Models 2B30/2B3 1 are available 
in three drift selections: ±0.5, ±1 and ±3iuV/°C (max, RTI, G = 
lOOOV/V). Total input drift is composed of two sources (input 
and output stage drifts) and is gain dependent. Figure 10 is a 
graph of the worst case total voltage offset drift vs. gain for 
all versions. 
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Figure 10. Total Input Offset Drift (Worst Case) vs. Gain 

Gain Nonlinearity and Noises Nonlinearity is specified as a per- 
cent of full scale (lOV), e.g. 0.25mV RTO for 0.0025%. Three 
maximum nonlinearity selections offered are: ±0.0025%, 
±0.005% and ±0.01%XG = 1 to 2000V/V). Models 2B30/2B31 



offer also an excellent voltage noise performance by guaran- 
teeing maximum RTI noise of IjuV p-p (G = lOOOV/V, Rg < 
5k^) with noise bandwidth reduced to 2Hz by the LPF. 

Common Mode Rejection: CMR is rated at ±10V CMV and 
lkl2 source imbalance. The CMR improves with increasing 
gain. As a function of frequency, the CMR performance is en- 
hanced by the incorporation of low pass filtering, adding to 
the 90dB minimum rejection ratio of the instrumentation am- 
plifier. The effective CMR at 60Hz at the output of the filter 
(fc = 2Hz) is 140dB min. Figure 11 illustrates a typical CMR 
vs. Frequency and Gain. 
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Figure 1 1. Common-Mode Rejection vs. Frequency and Gain 

Low Pass Filter: The three pole Bessel-type active filter attenu- 
ates unwanted high-frequency components of the input sig- 
nal above its cutoff frequency (-3dB) with 60dB/decade roll- 
off. With a 2Hz filter, attenuation of 70dB at 60Hz is obtained, 
settling time is 600ms to 0.1% of final value with less than 1% 
overshoot response to step inputs. Figure 12 shows the filter 
response. 
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Figure 12. Filter Amplitude Figure 13. Maximum Load 
Response vs. Frequency Current vs. Regulator Input- 

Output Voltage Differential 

Bridge Excitation (2B31): The adjustable bridge excitation is 
specified to operate over a wide regulator input voltage range 
(+9.5V to +28V). However, the maximum load current is a 
function of the regulator circuit input-output differential volt- 
age, as shown in Figure 13. Voltage output is short circuit 
protected and its temperature coefficient is ±0.015% Vqut/ C 
max (±0.003%/°C typ). Output temperature stability is directly 
dependent on a temperature coefficient of a reference and for 
higher stability requirements, a precision external reference 
may be used. 
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ANALjOG 
DEVICES 



Isolated, Thermocouple 
Signal Conditioner 




FEATURES 

Accepts J, K, T, E, R, S or B Thermocouple Types 

Internally Provided Cold Junction Compensation 

High CMV isolation: ±1500V pk 

High CMR: 160dB min @ 60Hz 

Low Drift: ±^^l\//°C max (2B50B) 

High Linearity: ±0.01% max (2B50B) 

Input Protection and Filtering 

Screw Terminal Input Connections 

APPLICATIONS 

Precision Thermocouple Signal Conditioning For: 

Process Control and Monitoring 

Industrial Automation 

Energy Management 

Data Acquisition Systems 



GENERAL DESCRIPTION 

The model 2B50 is a high performance thermocouple signal 
conditioner providing input protection, isolation and common 
mode rejection, amplification, filtering and integral cold junc- 
tion compensation in a single, compact package. 

The 2B50 has been designed to condition low level analog 
signals, such as those produced by thermocouples, in the pres- 
ence of high common mode voltages. Featuring direct thermo- 
couple connection via screw terminals and internally provided 
reference junction temperature sensor, the 2B50 may be jump- 
er programmed to provide cold junction compensation for 
thermocouple types J, K, T, and B, or resistor programmed for 
types E, R, and S. 

The high performance of the 2B50 is accomplished by the use 
of reliable transformer isolation techniques. This assures com- 
plete input to output galvanic isolation (±1500V pk) and 
excellent common mode rejection (160dB @ 60Hz). 

Other key features include: input protection (220V rms), 
filtering (NMR of 70dB @ 60Hz), low drift amplification 
(±ljuV/°C max - 2B50B), and high linearity (±0.01% max - 
2B50B). 

APPLICATIONS 

The 2B50 has been designed to provide thermocouple signal 
conditioning in data acquisition systems, computer interface 
systems, and temperature measurement and control instrumen- 
tation. 



2B50 FUNCTIONAL BLOCK DIAGRAM 



ISOLATED 

POWER 

+VouT -VouT 




CJC SENSOR PROGRAMMING 



In thermocouple temperature measurement applications, out- 
standing features such as low drift, high noise rejection, and 
1500V isolation make the 2B50 an ideal choice for systems 
used in harsh industrial environments. 

DESIGN FEATURES AND USER BENEFITS 
High Reliability: To assure high reliability and provide isola- 
tion protection to electronic instrumentation, the 2B50 has 
been conservatively designed to meet the IEEE Standard for 
transient voltage protection (472-1974: SWC) and provide 
220V rms differential input protection. 

High Noise Rejection: The 2B50 features internal filtering 
circuitry for elimination of errors caused by RFI/EMI, series 
mode noise, and 50Hz/60Hz pickup. 

Ease of Use: Internal compensation enables the 2B50 to be 
used with seven different thermocouple types. Unique circuit- 
ry offers a choice of internal or remote reference junction 
temperature sensing. Thermocouple connections may be 
made either by screw terminals or, in applications requiring 
PC Board connections, by terminal pins. 

Small Package: 1.5' X 2.5 ' X 0.6" size conserves board space. 
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SPECIFICATIONS 



(typical @ +25''C and Vs = ±15V unless otherwise noted) 



MODEL 



2B50A 



2B50B 



INPUT SPECIFICATIONS 

Thermocouple Types 

Jumper Configurable Compensation 
Resistor Configurable Compensation 

Input Span Range 

Gain Range 

Gain Equation 

Gain Error 

Gain Temperature Coefficient 

Gain Nonlinearity* 

Offset Voltage 

vs. Temperature 

vs. Time 
Output Offset (Adjustable to Zero) 

vs. Temperature 
Total Offset Drift 

Input Noise Voltage 

O.OlHztolOOHz, Rs=lkn 
Maximum Safe Differential Input Voltage 
CMV, Input to Output 

Continuous, ac or dc 
Common Mode Rejection 

@ 60Hz, Ikfi Source Unbalance 
Normal Mode Rejection @ 60Hz 
Bandwidth 
Input Impedance 
Input Bias Current^ 
Open Input Detection 

Response Time^, G = 250 
Cold Junction Compensation 

Initial Accuracy 
vs. Temperature^ (+5°C to +45°C) 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (nun). 



J, K, T, or B 
R, S, or E 
±5mV to ilOOmV 
50V /V to lOOOV/V 
1 +(200kn/RG) 
±0.25% 

±35ppm/°Cmax 
±0.025% max 

±2.5iuV/*Cmax 
±1.5/iV/month 
±10mV 
±30juV/°C 

±(2.5 + ^) mv/°c 

1/xV p-p 

220V rms, Continuous 

±1500Vpkmax 

160dB min 

70dB min 

dc to 2.5Hz (-3dB) 

lOOM^ 

±5nA 

Downscale 

1.4sec 

±0.5°C 
±0.01°C/°C 



^ 



±25ppm/°C max 
±0.01% max 



tliuV/°C r 



±(i + ^)mv/°c 



I ANALOG 
DEVICES 



2BliOA 

ISOLATED THERMOCOUPLE 
CONDITIONER 



e 



=c' 



OUTPUT SPECIFICATIONS 
Output Voltage Range^ 
Output Resistance 
Output Protection 



±5V ® ±2mA 

o.m 

Continuous Short to Ground 



POWER SUPPLY 
Voltage 

Output ±Vs (Rated Performance) 

(Operating) 
Oscillator +Vosc (Rated Performance) 



±15Vdc±10%@±0.5mA 
±12V to ±18V dc max 
+13Vto+18V@ 15mA 



PHYSICAL 
Case Size 



1.5" X 2.5" X 0.6" 
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BOTTOM VIEW 
WEIGHT 45 G 
NOTE- TERMINAL PINS INSTALLED ONLY IN 
SHADED HOLE LOCATIONS 



-H»J Ui-0 100 (2.54) GRID 
' • TYP 



PIN DESIGNATIONS 



ENVIRONMENTAL 

Temperature Range, Rated Performance to +70 C 

Operating -25°C to +85°C 

Storage Temperature Range -55°C to +85°C 
RFI Effect (5W @ 470MHz @ 3ft) 

Error ±0.5% of Span 



PIN 


FUNCTION 


PIN 


FUNCTION 


1 


INPUT LO 






2 


INPUT HI 


2 




3 


Rr 






4 








5 


Rg/COM 






6 






+VOSC 


7 






OSCCOM 


8 


+V ISO OUT 








-V ISO OUT 














11 




: 




















14 








IS 


OUTPUT OFFSET 
ADJUST 










16 


OUTPUT SCALE 


39 


OPEN INPUT DET 


17 


OUTPUT 




^ _1 TTYPE 


^9 






19 


OUTPUT COM 


42 


20 


+Vs 


43 


CJC SENSOR IN 


2l 


-Vs 


44 













NOTES 

'Specifications same as 2B50A. 

* Gain nonlinearity is specified as a percentage of output signal span representing peak deviation from the 
best straight line; e.g., nonlinearity at an output span of lOV pk-pk (±5V) is ±0.01% or ±lmV. 

'Does not include open circuit detection current of 20nA (optional by jumper connection). 
^ Open input response time is dependent upon gain. 

* When used with internally provided CJC sensor. 

' Compensation error contributed by ambient temperature changes at the module. 

* Output swmg of ±10V may be obtained through output scaling (Figure 5). 

Specifications subject to change without notice. 



MATING SOCKET: 
AC1218 
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Applying the 2B50 



FUNCTIONAL DESCRIPTION 

The internal structure of the 2B50 is shown in Figure 1. An 
input filtering and protection network precedes a low drift, 
high performance amplifier whose gain is set by a user supplied 
resistor (Rq) for gains of 50 to lOOOV/V. Isolated power is 
brought out to permit convenient adjustment of the input off- 
set voltage, if desired. 



ISOLATED 

POWER 

+VouT -VoUT 



rt" t-j — LT 

I I ISOLATED — 

I ' ' POWER 

fj) m SUPPLY — 

200kn 




Figure 1. 2B50 Functional Blocl< Diagram 

Internal circuitry provides reference junction compensation. 
An integral reference junction sensor is provided for direct 
thermocouple connections, or an external reference sensor 
(2N2222 transistor) may be used in applications having remote 
thermocouple termination. Compensating networks for 
thermocouple types J, K, and T are built into the 2B50. A 
fourth compensation (X) may be programmed with a single 
resistor for any other thermocouple type. The 2B50 can be 
programmed for uncompensated output when used with 
inputs other than thermocouples. 

Transformer coupling is used to achieve stable, reliable input 
to output galvanic isolation, as well as elimination of ground 
loop error effects. 

Normally, the full scale output of the 2B50 is ±5V. However, 
with the addition of an external resistive divider, the output 
buffer amplifier may be scaled for a gain of up to 2, providing 
a full scale output swing of ±10V. 

OPERATING INSTRUCTIONS 

The connections shown in Figure 2 are common to most appli- 
cations using the 2B50, and, in many cases, will be all that is 
required. 




Two sets of parallel thermocouple input connections are pro- 
vided. The thermocouple input may be connected by screw 
terminals (input +, Input -) or to terminal Pins 1 (-) and 
2 (+) in cases where thermocouples are to be remotely termi- 
nated. The following sections describe a basic thermocouple 
application, as well as detail some optional connections to en- 
hance performance in more demanding applications. Jumper A 
(Figure 2) is used to disconnect cold junction compensation 
circuitry during offset adjustments. 

INTERCONNECTION GUIDELINES 

All power supply inputs should be decoupled with IjuF ca- 
pacitors as close to the unit as possible. Any jumpers installed 
for programming purposes should also be installed as close as 
possible to minimize noise pickup effects. 

Since the oscillator section of the 2B50 accounts for most 
of the power consumption but can accept a wide range of 
voltages (+13V to +18V), it may be desirable to power this 
section from a convenient source of unregulated power. 

If the same supply is to be used for both amplifier and oscil- 
lator circuitry, the power supply returns should be brought 
out separately so that oscillator power supply currents do not 
flow in the low lead of the signal output In either case, a 
IjuF capacitor must be connected from +Vosc (^i" 28) to 
Oscillator COM (Pin 29). 

The oscillator and amplifier sections are completely isolated; 
therefore, a dc power return path is not required between the 
two power supply commons. 

GAIN SETTING 

The gain of the 2B50 is set by a user-supplied resistor (Rq) 
connected as shown in Figure 2. Gain will normally be selected 
so that the maximum output of the signal source will result in 
a plus full scale output swing. The resistor value required 
is determined by the equation: Rq = 200kn/(G-l). 

A series trim on the gain setting resistor can be used to trim 
out the resistor tolerance and module gain error (Figure 3). 
Since addition of a series resistance will always decrease gain, 
the value of the gain-setting resistor should be selected to pro- 
vide a gain somewhat higher than the desired trimmed gain. A 
good quality (e.g., 10ppm/°C), metal-film resistor should be 
used for Rq, since drift of Rq will add to the overall gain 
drift of the 2B50. A cermet pot is suitable for the trim. Note 
that a minimum gain of 50 is required for guaranteed operation. 







2B50 \ 


GAIN 
ADJUST 


n Rg/COM 

r / 




S 



Figure 2. Basic 2B50 Application 



Figure 3. Gain Adjustment 
INPUT AND OUTPUT OFFSET ADJUSTMENTS 

The 2B50 has provisions for adjusting input and output offset 
errors of the module. None of the offset adjustments will af- 
fect drift performance, and adjustments need not be used 
unless the particular application calls for lower offsets than 
those specified. 

Connections for offset adjustments are shown in Figure 4. 
Isolated supply voltages are brought out for input trimming 
convenience only and are not for use as a power supply for 
external components. 
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OUTPUT 
OFFSET 
ADJUST 



-J-Vs 



Figure 4. (A) Input and (B) Output Offset Adjustment 

OFFSET CALIBRATION 

1 . Short Input + and Input - together. 

2. Disconnect cold junction compensation circuitry by 
removing Jumper **A" (Figure 2). 

3. Adjust input offset trim pot (±250/xV range, RTI) to 
zero output while operating at the desired gain. In most 
applications, adjustment of the input offset alone will be 
sufficient. Output offset adjustment (±30mV range) may be 
performed if it is desired to adjust output offset on the 
nonisolated side. 

OPEN INPUT DETECTION 

Connecting the open input detection pin (Pin 39) to Input 
High (Pin 2) creates a 20nA bias current which will provide a 
negative overscale response if the input is opened, or in case 
of thermocouple "burn out". The speed at which this occurs 
is dependent on gain, with a typical response time of 1.4sec 
@ G = 250. For positive upscale response, connect a 500M12 
resistor between +Viso (Pin 8) and Input Hi (Pin 2). 

OUTPUT SCALING 

With the output scale (Pin 16) connected to the output (Pin 
17), the full scale output range is ±5V and the total gain is 
equal to the gain set by Rq. For applications requiring a full 
scale output of ±10V, a resistive divider may be connected 
to provide a gain of 2 at the output amplifier (see Figure 5). 
In this configuration, total gain will be twice the gain set by 
Rq . Output gains greater than 2 cannot be used. 



Figure 5. Output Scaling Connections 

COLD JUNCTION COMPENSATION 

The 2B50 may be programmed to provide cold junction 
compensation for types J, K and T thermocouples by con- 
necting a jumper from Input Low (Pin 1) to the appropriate 
programming points (Pin 42 for J, Pin 41 for K or T). To 
compensate other themocouple types, a resistor (Rx) is con- 
nected from the "X" programming point (Pin 40) to Input 
Low (Pin 1). Table I shows the appropriate Rx values for 
types E, R, and S. Rx should be a 50ppm/°C, 1% tolerance 
resistor. 



Type B thermocouples are unique, in that they have almost 
no output in the +5°C to +45 C range, and, therefore, do not 
require cold junction compensation at all. To accommodate a 
type B thermocouple, resistor Rx must be left open. Error due 
to cold junction temperature will be less than ±1°C for any 
measurement above 260° C. In the measurement range above 
lOOO^'c (where type B thermocouples are normally used) the 
error will be less than ±0.3°C. 



YType 



E 

R,S 

B 



Rx (k") 



1.87 
19.6 
Open 



Table !. Compensation Values for ThsrmocGuple Types c, 
R^Sand B 

REMOTE REFERENCE SENSING 

In applications requiring termination of thermocouple leads 
at a point located remotely from the 2B50, with connections 
brought to the 2B50 (Pins 1, 2) by copper wires, reference 
temperature sensing at the remote location will be necessary. 
The 2B50 has provisions for connection of a 2N2222 tran- 
sistor (metal can version) for use as a reference junction 
sensor. The connections are shown in Figure 6. The remote 
sensing transistor is cahbrated by adjusting Rcal to obtain 
the value of Vcal as specified in Table II. 

(Example: Vcal = 570.0mV @ 25°C) 




REMOTE 
REFERENCE 
JUNCTION 



Figure 6. Remote Reference Junction Sensing 



Sensor Temp ( C) 


Vcal (mV) 


5 


616.5 


10 


604.9 


15 


593.3 


20 


581.6 


25 


570.0 


30 


558.4 


35 


546.8 


40 


535.1 


45 


523.5 



(Values may be interpolated) 

Table II. Calibration Voltages vs. Sensor Temperature 

Proper sensor placement is important. Close thermal contact 
of the sensor and thermocouple termination point (reference 
junction) is essential for accurate operation of the 2B50. The 
sensor may be placed any distance from the 2B50. When the 
sensor leads are more than ten feet long, or in the presence of 
strong noise signal sources, shielded cable should be used. 
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ANALjOG 
DEVICES 



Four-Channel, Isolated 
Thermocouple/mV Conditioners 



2B54/2B55 



FEATURES 

Low Cost Per Channel 

Wide Input Span Range: ±5mV to ±100mV (2B54) 

±50mV to ±5V (2B55) 
Pin Compatible with 2B34 RTD Conditioner 
High CMV Isolation: ±1000V dc; CMR = 156dB min @ 60Hz 
Low Input Offset Voltage Drift: ±1/iV/°C max (2B54B) 
Low Gain Drift: ±25ppm/°C max (2B54B) 
Low Nonlinearity: ±0.02% max (±0.012% typ) 
Normal Mode Input Protection (130V rms) and Filtering 
Channel Multiplexing: 400 chan/sec Scanning Speed 
Solid State Reliability 

APPLICATIONS 

Multichannel Thermocouple Temperature Measurements 
Low and High Level Data Acquisition Systems 
Industrial Measurement and Control Systems 

GENERAL DESCRIPTION 

Models 2B54 and 2B55 are low cost, high performance, four- 
channel signal conditioners. Both models are functionally 
complete, providing input protection, isolation and common 
mode rejection, multiplexing, filtering and amplification. 

The 2B54 has been designed to condition low level signals 
(±5mV to ±100mV), like those generated by thermocouples 
or strain gages, in the presence of high common mode voltages. 
The 2B55 is optimized to condition ±50mV to ±5V or 4 to 
20mA transmitter signals as inputs. The four-channel structure 
of both models results in significant cost and size reduction. 

The high performance of the 2B54 and 2B55 is accomplished 
by the use of reliable transformer isolation techniques and an 
amplifier-per-channel architecture. Each of the input channels 
is galvanically isolated (±1000V dc) from the other input 
channels and from output ground. The amplifier-per-channel 
structure is used to obtain low input drift (±ljLiV/°C max, 
2B54B), high common mode rejection (156dB @ 60Hz), and 
very stable gain (±25ppm/°C max). Other key features include 
low input noise (l/iV p-p), low nonlinearity (±0.02% max) 
and open-thermocouple detection (2B54). 
APPLICATIONS 

Models 2B54 and 2B55 were designed to serve as a superior 
alternative to the relay multiplexing circuits used in multi- 
channel data acquisition systems, computer interface systems, 
process signal isolators, and temperature measurement and 
control instrumentation. Advantages over relay circuits include 
functional versatility, superior performance, and solid state 
reliability. Both models are also pin compatible with the 
2B34, four-channel RTD/strain gage conditioner. 

In thermocouple temperature measurement applications, out- 
standing low drift, high noise rejection, high throughput and 
lOOOV isolation make the 2B54 a natural choice over flying 



2B54/2B55 FUNCTIONAL BLOCK DIAGRAM 




capacitor multiplexers in conditioning any thermocouple type. 
When cold junction compensation is required in measurement 
of temperature with thermocouples, the 2B54 may be used 
directly with the model 2B56 Universal Cold Junction Com- 
pensator. 

DESIGN FEATURES AND USER BENEFITS 

High Reliability: To assure high reliability and provide isola- 
tion protection to electronic instrumentation, reliable trans- 
former isolation and solid state switching are used. Both 
models have been conservatively designed to meet the IEEE 
standard for Transient Voltage Protection (472-1974: SWC) 
and offer 130V rms normal mode input protection. 

High Noise Rejection: To preserve high system accuracy in 
electrically noisy industrial environments, the 2B54 and 2B55 
provide excellent common mode noise rejection, RFI/EMI 
immunity, and low pass filtering for rejection of series mode 
noise and 50Hz/60Hz pickup. 

Ease of Use: The multichannel, functionally complete design 
in a compact (2 X 4 ' X 0.4") module, assures ease of use, con- 
serves board space and eliminates the need for a number of 
discrete components necessary in relay multiplexing circuits. 

Low Cost: The 2B54 and 2B55 offer the lowest cost per chan- 
nel for isolated, solid state, low level signal conditioners. 
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SPECIFICATIONS 



(typical @ +25°C and Vj = ±15V and Vosc= +15V, unless otherwise noted) 



Model 



ANALOG INPUTS 
Number of Channels 
Input Span Range 
Gain Equation 
Gam Error 

Gam Temperature Coefficient 
Gam Nonlmeanty * 

Offset Voltage 

Input Offset, Initial (Adj. to Zero) 

vs Temperature 

vs Time 
Output Offset (Adjustable to Zero) 

vs. Temperature 

Toidl Offict Drift (RTi), max 
Input Noise Voltage 

OOlHz-lOOHz, Rs = Ikn 
CMV, Channel-to-channel or 

Channel-to-Ground 

Continuous, ac, 60Hz 

Continuous, ac or dc 

Common Mode Rejection 
Rs<100n,/>50Hz 
Rs<100n,/>50Hz 
Normal Mode Input, Without Damage 
Normal Mode Rejection, @ 60Hz 
Input Resistance, Power On 
Power Off 
Input Bias Current 



±5mV to ilOOmV * 

G=l + 10kn/RG * 

±0.2% max (G = 50 to 300) * 

±1% max (G = 1000) * 

±35ppm/°Cmax ±25ppm/°Cmax 

±0.03% max (G = 50 to 300) ±0.02% max(±0 012% typ) 

±0.03% (G = 1000) • 



±50mV to ±5V 

±0 2% max (G = 1 to 100) 
NA 

±25ppm/°C max 
±0.02%max(G = l tolOO) 

NA 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

[m 2 01 (611) MAX — 



jL 



i 



~°^r^T 



±20AtV max 
±2 5/iV/°C max 
±! 5/iV/month 
±12mVmax 
±50mV/°C max 
/ sn\ 

l/iV p-p 



750V rms 
±1000V pk max 

156dBmin(G=1000) 
128dBmin(G = 50) 
130V rms, 60Hz 
55dBmin(G = 1000) 
lOOMfi 
35kJ2 min 
+8nA max 



• ±50juV max 

±ljuV/°C max(±0 5aiV/°C typ) ±5jLiV/°C max 



±(i+-^)iuvrc ±(5/av+^)juvrc 



145dB min (G = 100) 
110dBmin(G = l) 



55dBmin(G=100) 
74kJr2 mm 



ANALOG OUPUT 

Output Voltage Swing^ 
Output Noise, dc - lOOkHz 
Output Resistance 

Direct Output 

Switched Output 



±5V@±5mA 
O.SmV p-p 

om 
35n 



CHANNEL SELECTION 

Channel Selection Time to ±0 01% FS 
Channel Scanning Speed 
Channel Select Input Reverse Voltage 
Rating 



2 5ms max 

400 chan/sec mm 



POWER SUPPLY 
Voltage 

Output ±Vs (Rated Performance) 

(Operating) 
Oscillator +Vosc 

(Rated Performance) 
Absolute max +Vosc 
Current 

Output ±Vs = ±l 5 V 
OscUlator +Vosc = +15V 
Supply Effect on Offset 
Output ±Vs 
Oscillator +Vosc 



±15Vdc±10% 
±12Vto±18Vdcn 



+13 5Vto+24V 
+26V 



±4mA max 
40mA max 



100/iV/V RTO 
i/iV/V RTI 



ENVIRONMENTAL 
Temperature 

Rated Performance 
Operating 
Storage 
Relative Humidity 

Non-Condensing to +40° C 



to +70°C 
-25°C to +85°C 
-55°C to +85°C 



CASE SIZE 



2 X4'X0.4 



MOUNTING CARDS 
AC1215,AC1216 

The AC1215 and AC1216 mounting cards are available to assist in evaluation of the 
2B54 and 2B55. These 4 1/2" X 6" printed circuit edge connector cards have sockets 
that allow a 2B54/2B55 and 2B56 to be plugged directly onto them, as well as offset 
adjustment pots, and address decoding circuitry. The AC1215 and AC 12 16 differ only 
in input signal connections: the AC1215 includes a screw terminal block and AC 12 16 
has an edge connector. 
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BOTTOM VIEW 

WEIGHT 2 0Z 

(57G) 
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GRID 



NOTES 

TERMINAL PINS INSTALLED ONLY l^ 

HOLE LOCATIONS 



2B54/2B55 PIN DESIGNATIONS 



PIN FUNCTION 


PIN 


FUNCTION 


I l\ SELECT CH D 


37 

39 
40 

42 


Re 

Rq/COM > CHANNEL A 

LO/OFS 

V-OUT 

V+OUT J 


3 SW'D OUTPUT 6NABLE 


6 DIRECT / 

10 

11 -Vs 

12 COM 1 

13 +Vs -^ 


45 
46 


48 
49 
SO 
51 
52 


HI . 

Rg 

Rq/COM > CHANNELS 

LO/OFS 

V-OUT 

V+ OUT J 


14 


15 -T 

16 I SELECT CH C 
18 +] 


» 1 
55 1 


19 


f, ;} SELECT CHB 


56 
67 
58 
53 
60 
61 
62 


Ro/COM> CHANNEL C 
LO/OFS I 
V-OUT \ 
V+OUT ■' 


22 
23 
24 
25 
26 
27 
28 
29 


63 
65 


31 COM^ OSC POWER 


66 
67 
68 
69 
70 
71 
72 


HI •\ 

Rg/COM > CHANNEL D 

LO/OFS 

V-OUT 

V+OUT-* 


33 OUT SYNC 


34 


35 - 1 

36 + / SELECT CH A 



NOTES 

* Specifications sane as 2B54A. 

' Gain nonlinearity is specified as a percentage of output signal span representing peak deviation 
from the best straight line, e g. nonlinearity at an output span of lOV pk-pk (±5V) is ±0.02% or ±2mV 
^ Protected for shorts to ground and/or either supply voltage. 
Specifications subject to change without notice. 



AC1215 OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 




Mating Connector: 
Cinch 251-22-30-160 or equivalent. 
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Understanding the 2B54/2B55 Isolated Conditioners 



FUNCTIONAL DESCRIPTION 

The internal structure of the 2B54/2B55 is shown in Figure 1. 
Four individually isolated input channels are multiplexed into 
a single output buffer, with the desired channel selected by 
control inputs SELECT A through SELECT D. Isolated power 
and timing signals for the input channels are provided by an 
internal oscillator. 

Each channel contains an input protection and filtering net- 
work and a low-drift amplifier whose gain is set by a user- 
supplied resistor (Rg). Additional filtering is provided in the 
amplifier circuit. This structure preserves signal integrity by 
taking all signal gain ahead of the isolation and multiplexing 
circuits. The isolated power supply for each channel is brought 
out to permit convenient fine adjustment of the input offset 
voltage if desired. 

Transformer coupling is used to achieve stable, reliable galvanic 
isolation of each channel from all other channels and from out- 
put ground. Although the bandwidth of the input channels is 
small (<2Hz at high gains) to provide immunity to normal- 
mode noise, the multiplexing technique allows the channels 
to be scanned at a high rate (400 channels/sec). Thus a high 
revisitation rate is maintained even in systems with a large 
number of input channels. 

The output buffer amplifier operates at unity gain with feed- 
back provided by an external connection from the DIRECT 
output to the SENSE input. The DIRECT output provides a 
±5V swing with low source resistance to permit error-free 
operation with heavy loads. In addition, a separate series- 
switched output with an active-low enable control is provided 
so that multiple modules may be combined without the use of 
external analog multiplexers. An offset trim point which does 
not affect drift is also provided on the output channel. 



ENABLE '^ 
I SWITCHED 
DIRECT 




Figure 1. 2B54/2B55 Functional Diagram 

The internal oscillator has its own power supply pins for en- 
hanced application flexibility, and a sync mechanism is pro- 
vided to eliminate beat-frequency errors when multiple 2B54/ 



235 5 's are used or when a system clock is present. 

The 2B54 and 2B55 share the same design, differing only in 
input specifications and filter characteristics. 

OPERATING INSTRUCTIONS 

The connections shown in Figure 2 are common to most 
applications of the 2B54/2B55, and in many cases will be all 
that is required. The following sections describe this basic 
application and also detail some optional connections which 
enhance the module's utility in more complex applications. 




^DOTTED CONNECTIONS SHOWN FOR 
SEPARATE OSCILLATOR SUPPLY IF USED 

Figure 2. Basic 2B54/2B55 Application 

Interconnection Guidelines 

In any high accuracy isolator appUcation it is important to 
minimize coupling between input and output, and the 2B54/ 
2B55 pinout has been designed to make this easy to do. For 
best results, keep all leads associated with signals on the input 
edge as far as possible from signals on the output edge. This 
will minimize the effects of board leakage and capacitance. 
The use of a guard track on both sides of the board (Figure 2) 
can also be helpful. 

The power supplies should be decoupled with tantalum capac- 
itors as close to the unit as possible. For lowest noise, the out- 
put grounding scheme should be as shown in Figure 2. The 
output signal common is connected directly to pin 12, with 
power supply returns brought separately to that pin so that 
power supply currents do not flow in the low lead of the signal 
output. 

Since most of the power taken by the 2B54/2B55 is supplied 
to the internal oscillator which requires only a positive supply 
and can accommodate a wide range of supply voltages, it is 
sometimes desirable to power the oscillator from a convenient 
source of unregulated power (such as +24V — Figure 2). A 
0. IjLtF capacitor should be then connected directly from 
pin 12 to pin 31. Since the output and oscillator circuits 
are not fully isolated, a dc path must exist between the two 
power supply commons. A small (one or two volts) potential 
difference between OUT COM and OSC COM will not affect 
operation. 
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Gain Setting 

The gain of each channel is independently set by a user- 
supplied resistor (Rq) connected as shown in Figure 2. Chan- 
nel gain will normally be selected so that the maximum output 
of the signal source will result in a plus or minus full scale 
(±5V) output swing. The resistor value required is Rq = 
lOkW (G - 1). Thus if Rq = 10112, the gain will be 100, and 
an input signal swing of ±50mV will yield an output span of 
±5V. 

A parallel trim on the gain-setting resistor can be used to trim 
out the resistor's tolerance and the module's gain error (Fig- 
ure 3). Since a parallel trim will always increase the gain, the 
value of the gain-setting resistor should be chosen to give an 
untrimmed gain somewhat lower than the desired trimmed 
gain. Good quality metal-film resistors should be used for Rq 
since gain accuracy and drift are a direct function of Rq's 
characteristics. Cermet pots are suitable for the trim. 



c 



Rg/COM 
LO/OFS 



CHANNEL 
(TYP) 



Figure 3. Input Offset and Gain Adjustments 

Optional Offset Adjustment 

The 2B54/2B55 has provision for fine adjustment of the input 
offset of each channel and the output offset of the entire 
module. None of the offset adjustments affect offset drift, and 
there is no need to make any adjustment unless the application 
calls for tighter offsets than those specified for the module type. 

Connections for input offset adjustment are shown in Figure 
3. This is a fine trim with a limited range (±250iLtV - 2B54 
and ±lmV — 2B55, RTI), used to adjust each channel for 
zero offset while operating at the desired gain. Since the 
range of the input offset trim is small, it will usually be neces- 
sary to adjust output offset first. This can be conveniently 
done by operating one channel with zero input at unity gain 
(by disconnecting the gain resistor) and adjusting the output 
offset control for zero output. Connections for output offset 
adjustment are shown in Figure 4. 



2BS4/2B55 

' SWITCHED 
DIRECT 

SENSE 
COM 



OUTPUT 
OFFSET 
ADJUST 



N ADJUSTMENT 



Figure 4. Output Offset and Master Gain Adjustments 

An alternative offset adjustment procedure is appropriate in 
applications where the channel gains are field-selected by 
switching the gain-setting resistor. Here it is desirable to set 
the input offset so that there is no zero shift at the output 
when the gain is changed. To make the adjustment, switch 
back and forth from low to high gain with zero input and ad- 
just the input offset control until no shift occurs at the output 
when changing gains. Then adjust the output offset control for 
zero output at the lower gain. 



Stable components (a metal film resistor and a cermet pot) 
should be used for the input offset adjustment to avoid com- 
promising drift. Output offset adjustment components are not 
critical and may be omitted altogether when a single 2854/ 
2B55 is followed by an A to D Converter that has a zero 
adjustment. 

Qiannel Selection 

Each channel in the 2B54/2B55 is turned on and off by a 
SELECT input. As indicated in Figure 1, each SELECT input 
consists of an LED in series with a resistor, and is not con- 
nected to any other Circuits in the module. Turning the LED 
on (I>2.5mA) turns the channel on, and turning the LED off 
(KSOptA) turns the channel off. This allows considerable 
flexibility of connection, but the easiest way to use the SELECT 
inputs IS to tie all tour SELECT + pins to +5V and drive the 
SELECT— inputs from TTL logic (either open-collector or 
totem-pole outputs can be used), as shown in Figure 2. 

It is also possible to use CMOS logic to drive the SELECT 
inputs (Figure 5). With a +15V logic supply a standard CMOS 
decoder or gate can supply enough current to drive the SE- 
LECT inputs directly, but at lower supply voltages it is advisa- 
ble to use a buffer such as that shown in Figure 5b. The power 
taken by the SELECT inputs is small, since only one is on at a 
time, but at the higher CMOS supply voltages more current 
than the required 2.5mA will flow. This does not affect opera- 
tion, but if desired the current can be brought back to the min- 
imum value with series resistors as shown in Figure 5. Use IkQ. 
for lOV operation, and 3.9k^ at 15V. 
The maximum reverse voltage applied to any SELECT input 
must be limited to 3 V to avoid damage to the LED. Maximum 
forward current should be kept below 25mA. Each SELECT 
input is isolated from all other circuits in the module and may 
be operated up to ±50V away from output and power ground. 

Channels may be selected in any order, and there are no 
restrictions on rate or duty cycle except the 2.5ms setthng 
time for access to a channel. It should be noted, however, that 
selecting two or more channels simultaneously for more than 
a few microseconds will result in a very long settling time when 
the conflict is resolved. Timing overlaps should therefore be 
avoided. 



15V LOGIC POWER 




Figure 5a. 




Figure 5b. 
Figure 5. CMOS Channel Selection 
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Qiannei Expansion 

The 2B54/2B55 has provision for directly interconnecting 
several modules when more than four channels are needed. 
The series-switched outputs of a group of modules are con- 
nected together, the SELECT inputs are driven in parallel, 
and the output of the desired module is selected using the 
Output Enable pin. This is shown in Figure 6. A single 
74LS139 decoder is used to drive the SELECT inputs of up 
to four modules, and also provides address expansion so that 
the binary coded channel address word selects the appropriate 
module output via the Output Enable pins. The overall opera- 
tion of the series-switched outputs is analogous to three-state 
logic, and the output rail is thus an analog bus. 

It is possible to operate up to sixteen modules in parallel, for 
a total of 64 input channels. Note that it will be necessary to 
break up the SELECT inputs into several groups to avoid over- 
loading the decoder when many modules are used. The set- 
tling time of the output switches is <50jus to ±0.01% and is 
thus negligible in comparison to the channel selection times. 

The Output Enable signal is active low, and is compatible with 
both TTL and CMOS logic. The switching threshold is +1.8V; 
input current at OV is typically -0.4mA. 

The output resistance of the Switched Output (typically 3512 
+0.5%/°C) is low enough to provide fast switching times but 
will cause gain errors when driving a heavy load. A single buf- 
fet isolating the Switched Outputs from the load will solve 
this problem in an "analog bus" application (Figure 6). In 
single-module applications the DIRECT (low impedance) out- 
put should be used. Note that in all cases the SENSE pin must 
be connected to the DIRECT output to provide feedback for 
the output amplifier. 

TO ADDITIONAL MODULES 




NOTE ALL "SELECT +" PINS TIED TO +5V 



Figure 6. Expansion to More than Four Channeis 

Synchronization 

In applications where multiple 2B54/2B55's are used in close 
proximity or when system clock signals are present near the 
isolator, differences in individual oscillator frequencies may 
cause "beat frequency" related output errors. To eliminate 
these errors, multiple units may be synchronized by con- 
necting the SYNC OUT (pin 33) terminal to the SYNC IN (pin 



32) terminal of the adjacent 2B54/2B55 (Figure 7). The first 
of a group of modules may be synchronized to an external 
source via the SYNC IN pin. To minimize noise pickup, sync 
wiring should be separated from analog signal runs. 

The frequency of the external sync source, when used, will 
have a small effect on the gain and output offset of the 2B54/ 
2B55. Thus any adjustments should be made with the module 
synchronized. 




2B54/2B55 



FROM EXTERNAL 
SYNC SOURCE 

(IF USED) 
400kHz ±10%, IV -15V PP, 
30% TO 70% DUTY CYCLE 



N OR SYNC OUT 



Figure 7. Synchronization 
Open Input Detection 

The 2B54 can be programmed to respond to an open-circuit 
condition on a channel input with either an upscale or down- 
scale response when the affected channel is selected. The 
response time to detect an open input can be in the tens of 
seconds, since only a few nA of input bias current are avail- 
able to charge the input filter. The circuits in Figure 8 
indicate the selection of either downscale or upscale response 
and can be used to provide shorter open-circuit response 
times. Either circuit will produce a bias current of approxi- 
mately 20nA which can be used to aid or oppose the 3nA 
typically supplied by the module, as shown. The circuit of 
Figure 8 A has the advantage of simplicity, but the high- 
value resistor may not be readily available. Figure 8B shows 
how to solve the problem at the expense of complexity. The 
values shown may be modified to give an optimum trade of 
bias current for response time in a given application. A 2 to 
5 second response is typical for the values shown. 

If a downscale response is desired, a resistor divider circuit 
like Figure 8B may be desired to prevent a negative over- 
scale. If a negative overscale condition occurs (typically 
-7V), the output will saturate on all channels. 





37 


2B54/2B55 \ 

HI N ' 


hs 


: 5GOMf2 "° LjO 
41 


Rg 

Rg/COM 
LO/OFS 

v+ ) 


CHAN / 






0, « 


\ 



Rg| 

^-4— J^rg, 



.^^ 
%^^ 



Rg/COM 
LO/OFS 



GIVES DOWNSCALE RESPONSE 
© GIVES UPSCALE RESPONSE 



© GIVES DOWNSCALE RESPONSE 
© GIVES UPSCALE RESPONSE 



Figure 8. High Speed or Reversed Open Input Detection 
Output Filtering 

In most applications, no output filtering will be required since 
the effect of the small carrier-related noise spikes on the out- 
put «lmV p-p, lOOkHz B.W.) drops off rapidly as bandwidth 
decreases and in many cases will be negligible. In some applica- 
tions (e.g., when driving a successive-approximation A to D) 
the effective system bandwidth may be large enough to pass 
the noise. To eliminate the carrier noise (without any effect 
on switching times), a simple R-C filter may be used at the 
output (Figure 9A). Only one filter is needed even when mul- 
tiple modules are used, as shown in Figure 9B. If the load to 
be driven has an input resistance of less than lOMfi, a buffer 
will be needed. 
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DIRECT 
SENSE 



TOA/D 
CONVERTER 
OR BUFFER 



SWITCHED 

DIRECT 

SENSE 

COMMON 



- POWER COMMON 



SWITCHED 

DIRECT 

SENSE 

COMMON 



3 



I HWV> » 



|toa/d 
^— >converter 

r I ^ I OR BUFFER 



Figure 9. Output Filtering 

CMR AND NMR PERFORMANCE 

Common mode rejection is a result of both isolation and 
filtering and indicates ability to reject common mode inputs 
while amplifying differential signal inputs. CMR is dependent 
on source impedance imbalance, signal frequency and condi- 
tioner gain. 

Normal mode rejection is also a function of the 2B54/2B55 
gain. Figures 10 and 11 illustrate typical CMR and NMR 
performance. Note that any additional low pass filtering (e.g., 
an integrating A to D converter) at the output of the 2B54/ 
2B55 will further improve both CMR and NMR performance. 
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Figure 10. Common Mode and Normal Mode 
Model 2B54 
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Figure 1 1. Common Mode and Normal Mode Response - 
Model 2B55 

APPLICATIONS 

Thermocouple Temperature Measurement: Figure 12 shows a 
four-channel thermocouple input system with isolation, amp- 
lification, and multiplexing provided by the 2B54. Several 
different thermocouple types are used, and the gain-setting 
resistors on each channel have been chosen to take the stand- 
ard ANSI range for each type to a 5 V output span. Since 



thermocouples must be compensated for the temperature of 
the reference junction which is formed where the thermo- 
couple leads are terminated, the 2B56 Universal Cold Junction 
Compensator is used. The 2B56 monitors the temperature of 
the reference junction (terminal block) via an external sensor 
and corrects the signal at the output of the 2B54 for reference 
temperature. Compensation for several thermocouple types is 
selectable via digital control inputs. Thermocouple lineariza- 
tion, if needed, would be typically performed in system's 
software. 







Figure 12. Four-Channel Thermocouple Temperature Measure- 
ment with Cold Junction Compensation 

Process Signals Interface: In Figure 13, the 2B55 is used to 
provide floating inputs for four 4-20mA process signal loops. 
The use of floating inputs in this type of application gives 
protection from common-mode voltages and greatly simplifies 
system configuration, since additional loads in series with the 
loop can be connected on either side of the isolator input. 

Each current input is converted into a 1 to 5 volt signal by 
a 250^ resistor. The 2B55 is operated at unity gain (no gain- 
setting resistors) so that a 1 to 5 volt signal appears at the out- 
put. Since no gain-setting resistors are used, gain adjustment, 
if required, is done by connecting trims directly across the 
input resistors. Other current ranges can be accommodated 
by changing the value of the input resistors. 

When there are several loads on the loop, compliance voltage 
at the transmitter may be at a premium. In this case it will 
be advantageous to reduce the voltage swing at the isolator 
inputs by using smaller resistors (perhaps 2512) and scaling 
the output back to a 5V span by taking an appropriate gain 
in the isolator. 




Figure 13. Isolated 4-20mA Loop Signals Interface 
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ANALOG 
DEVICES 



Low-Cost, Two-Wire 
Transmitters 



2B Series 



The 2B Series two-wire transmitters are versatile, rugged and 
accurate (±0.1%) instruments designed to operate in harsh 
environments. All units feature RFI/EMI immunity and an 
operating temperature range of -30°C to +85°C. The 2B Series 
transmitters accept input from thermocouples (both isolated and 
nonisolated), RTDs, AD590 sensors and dc current or voltage 
sources. The thermocouple and RTD models are FM approved 
for intrinsically safe operation. A loop-powered isolator is also 
available. 



2B52 and 2B53: Thermocouple Input 




• Accuracy: ±0 1% 

• Isolation: ±800V pk (2B52 only) 

• Supply voltage range. + 12V to +60V 

• Load resistance range. to 600ft 
|atVs=+24Vj 

• FM approved (2B52) 



Ordering Infbrmatlon 



Example: 

Enter Model 

2B52A (Isolated) 
2B53A (Nonisolated) 

Enter Housing 
1 -standard enclosure — 

Enter Thermocouple Type 
J, K or T 

Enter Temperature Range 
01 through 06 



Model 2B52A-1-J-03 



Range In X^F) 


TCiype 


No. 


-100 to +300 
(-148 to +572) 


J,K,T 


01 


to +200 

( + 32 to +392) 


T 


02 


to +500 
( + 32 to +932) 


J 


03 


to +600 

( + 32to + 1112) 


K 


04 


to +750 

( + 32to + 1382) 


J 


05 


Oto + 1000 
( + 32to + 1832) 


K 


06 



Custom ranging is also available. 



2B58; RTD input 




• Accuracy ±0 1% 

• Linearized output 

• Sensor excitation. 5mA 

• Supply voltage range + 16V to +60V 

• Load resistance range 0to400n 
(atVs=+24V) 

• FM approved 

Ordering information 



Example: 

Enter Model 
2B58A — 



Enter Housing 

1 -standard enclosure — 

Enter RTD Type 

l-100ftPt,a = 0.00385 - 

Enter Temperature Range 
01 through 04 



Model 2B58A-1 -1-01 



Range in ^CfF) 


No. 


-IOOto + 100 
(-148 to +212) 


01 


Oto + 100 

( + 32 to +212) 


02 


to +200 
( + 32 to +392) 


03 


to +400 
( + 32 to +752) 


04 



Custom ranging is also available. 



2B24: Loop-Powered isolator 




• Accuracy. ±0.1% 

• Input current- 1 -30mA (2B24A), 1 -50mA 
(2B24B) 

• Input voltage requirement 3 5V plus voltage 
drop across output load 

• Isolation ±1500Vpk 



Ordering information 
Example: iModel2B24A 



Enter Model 
2B24A(l-30mA), 
2B24B(1-50mA) 



This two-page data summary contains key specifications to speed your selec- 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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TRANSMITTERS FOR ENERGY MANAGEMENT 
APPLICATIONS 

The 2B57 in a modular form and 2B59 two-wire transmitters 
were specifically designed to provide low cost, small size and 
ease of installation in multipoint temperature monitoring appli- 
cations. These transmitters can be mounted in a standard 2"x4" 
utility box with a probe for duct temperature sensing or in wall 
thermostat boxes. The 2B57 is also available in a standard metal 
enclosure. 



2B59: RTD Input 



(BRN) I "load I _ 



• Accuracy ±0 1% 

• Supply voltage range. + lOV to +35V 

• Load resistance range to 7000 
(atVs = +24V) 

Ordering Information 

Model 2B59A-0-1-01 



Enter Model 
2B59A 

Enter Housing 
0-Module 

Enter Sensor Type 

1-lOOnPt, a = 00385 \ 

2-1000(1 NiFe, a = 0.00527 >- 
3-2000n NiFe, a = 0.00527 J 

Enter Temperature Range 
01 through 06 



Available Temperature Ranges 


Range In ''CpF) 


Sensor Type 


No. 


-18to+38 
(Oto + 100) 


1.2 


01 


-7to+49 
{ + 20to + 120) 


1,2,3 


02 


+ 10to+66 
( + 50to + 150J 


1.2 


03 


Oto + 100 
( + 32 to +212) 


1.2,3 


04 


-34 to +54 
(-30to + 130) 


3 


05 


+ 93 to +204 
( + 200 to +400) 


3 


06 



2B57: Solid State Temperature 
Transducer Input 




• AD590orAC2626 probe input 

• Accuracy ±0 1% 

• Supply voltage range: + 12V to +50V 

• Load resistance range: to 600ft 
(atVs= +24V) 

Ordering Information 

Example: Model 2B57A-1 



Enter Model 
2B57A — 



Enter Housing 

1 -standard enclosure ■ 



Outline Dimensions 

Dimensions shown in inches and (mm)). 
2B24, 2B52, 2B53, 2857, 
2B57A-1,2B58 



ZERO SPAN 
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ANALOG 
DEVICES 



The Complete 
Signal Conditioning I/O Subsystem 



3B Series 



FEATURES/BENEFITS 

Low Cost, Completely Integrated 16-Channel Modular 
Signal Conditioning Subsystem 
Wide Selection of Functionally Complete Input and 
Output Plug-In Modules 

Rugged Industrial Chassis, Rack or Surface Mounted 
On-Board Power Supplies Available 
Analog Input Modules Available for Direct Interface to a 
Wide Variety of Signal Sources 
Thermocouples, RTDs, Strain Gages, LVDTs 
Millivolt, Voltage and Frequency Sources, 
4-20mA/0-20mA Process Current Inputs 
Current Output Modules 

4-20mA/0-20mA Outputs 
Complete Signal Conditioning Function 
Input Protection, Filtering, Amplification, 
Galvanic Isolation to ± 1500V, 
Wide-Range Zero Suppression, 
High Noise Rejection and RFI/EMI Immunity, 
Simultaneous Voltage and Current Outputs 



GENERAL DESCRIPTION 

The 3B Series Signal Conditioning I/O Subsystem provides a 
low cost, versatile method of interconnecting real-world analog 
signals to a data acquisition, monitoring or control system. It is 
designed to interface directly to analog signals such as ther- 
mocouple, RTD, Strain Gage, or AD590/AC2626 solid state 
temperature sensor outputs or millivolt or process current signals 
and convert the inputs to standardized analog outputs compatible 
with high level analog I/O subsystems. 

The 3B Series Subsystem consists of a 19" relay rack compatible 
universal mounting backplane and a family of plug in (up to 16 
per rack) input and output signal conditioning modules. Eight 
and four channel backplanes are also available. Each backplane 
incorporates screw terminals for sensor inputs and current outputs 
and a connector for high level single ended outputs to the user's 
equipment. 

The input and output modules are offered in both isolated 
(± 1500V peak) and nonisolated versions. The input modules 
feature complete signal conditioning circuitry optimized for 
specific sensors or analog signals and provide high level analog 
outputs. Each input module provides two simultaneous outputs: 
to lOV (or ± lOV) and 4-20mA (or 0-20mA). Output modules 
accept high level single ended signals and provide an isolated or 
nonisolated 4-20mA (or 0-20mA) process signal. All modules 
feature a universal pin-out and may be readily "mixed and 
matched" and interchanged without disrupting field wiring. 

Each backplane contains the provision for a subsystem power 
supply. The 3B Series Subsystem can operate from a dc/dc 
converter or ac power supply mounted on each backplane or 
from externally provided dc power. Two LEDs are used to 
indicate that power is being applied. 




APPLICATIONS 

The Analog Devices 3B Series Signal Conditioning Subsystem is 
designed to provide an easy and convenient solution to signal 
conditioning problems in measurement and control applications. 
Some typical uses are in mini- and microcomputer based systems, 
standard data acquisition systems, programmable controllers, 
analog recorders, dedicated control systems, and any other ap- 
plications where monitoring and control of temperature, pressure, 
flow, and analog signals are required. Since each input module 
features two simultaneous outputs, the voltage output can be 
used to provide an input to a microprocessor based data acquisition 
or control system while the current output can be used for 
analog transmission, operator interface, or an analog backup 
system. 

DESIGN FEATURES AND USER BENEFITS 

Ease of Use: Direct sensor interface via screw terminals, stan- 
dardized high level outputs, factory precalibration of each unit 
and the modular design make the 3B Series Subsystem extremely 
easy to use. The subsystem features rugged packaging for the 
industrial environment and can be easily installed and 
maintained. 

High Protection and Reliability: All field wired terminations 
offer 130V or 220V rms normal-mode protection. To assure 
connection reliability, gold plated pin and socket connections 
are used throughout the system. The isolated modules offer 
protection against high common-mode voltages and are designed 
to meet the IEEE Standard for Transient Voltage Protection 
(472-1974: SWC). 

High Performance: The high quality signal conditioning features 
±0.1% calibration accuracy and chopper-based amplification 
which assures low drift (± I^jlV/^C) and excellent long-term 
stability. For thermocouple applications, high accuracy cold 
junction sensing is provided in the backplane on each channel. 
Low drift sensor excitation is provided for RTD and strain gage 
models. For RTD models, the input signal is Unearized to provide 
an output which is Hnear with temperature. 



This four-page data summary contains key specifications to speed your selec- 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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FEATURES 

Wide Variety of Sensor Inputs 

Thermocouples, RTDs, Strain Gages, LVDTs, 
AD590/AC2626 
Dual High Level Outputs 

Voltage: to +10V or ±10V 

Current: 4-20mA/0-20mA 
Mix and Match Input Capability 

Sensor Signals, mV, V, 4-20mA, 0-20mA 
High Accuracy: ±0.1% 
Low Drift: ±1»jiV/X 
Reliable Transformer Isolation: 

± 1500V CMV, CMR = 160dB 

Meets lEEE-STD 472: Transient Protection (SWC) 
Input Protection: 130V or 22CV rms Ccntinucus 
Low Cost Per Channel 



GENERAL DESCRIPTION 

Each input module is a single channel signal conditioner that 
plugs into sockets on the backplane and accepts its signal from 
the input screw terminals. All input modules provide input 
protection, amplification and filtering of the input signal, accuracy 
of ±0.1%, low drift of IjxVrC (low level input modules), and 
feature two high level analog outputs that are compatible with 
most process instrumentation. The isolated input modules also 
provide ± 1500V isolation. 

The choice of specific 3B module depends on the type of input 
signal and also whether an isolated or nonisolated interface is 
required. Input modules are available to accept millivolt, volt, 
process current, thermocouple, RTD, strain gage, and ADS90 
inputs. The voltage output of each module is available from the 
voltage I/O connector while the current output is available on 
the output screw terminals. 



THERMOCOUPLE INPUT MODELS 3B37, 3B47 

The isolated thermocouple models incorporate cold junction 
compensation circuitry which provides an accuracy of ±0.S°C 
over the +5°C to +45°C ambient temperature range. Open 
thermocouple detection (upscale) is also provided. Standard 
models are available for thermocouple types J, K, T, E, R, S 
and B. Factory configured custom ranges are also available. The 
3B37-X-00 can be user configured with the AC1310 ranging 
card. The 3B47 internally linearizes the thermocouple signal. 
All screw terminals have a 220V rms protection. 

RTD INPUT MODELS 3B14, 3B15, 3B34 

Each RTD model provides a sensor excitation current and produces 
an output signal that is linear with temperature with a conformity 
error of ±0.05% of span and accuracy of ±0.1% span. The 
lead resistance effect for the three models is ±0.02*'C/n for the 
3B14 and the 3B34, and ± .OOOOrC/H for the 3B15. All excitation 
input and output screw terminal connections have at least 130V 
rms protection. 

STRAIN GAGE INPUT MODEL 3B16 

Models 3B16 accepts inputs from full four arm bridge strain 
gage-type trtosducers. It provides a constant + lOV bridge 
excitation and can be used with a bridge resistance of 300ft or 
greater. All excitation input and output screw terminal connections 
have 130V rms protection. 

WIDEBAND STRAIN GAGE MODEL 3B18 

Model 3B18 accepts inputs from full four arm bridge strain 




gage-type transducers. It provies a switch selectable excitation of 
+ 3.3V or + lO.OV and can be used with 100ft to 1000ft strain 
gage bridges. The module has a 20kHz bandwidth to interface 
to dynamic signals. 

MILLIVOLT AND VOLTAGE INPUT MODELS 3B10, 
3B11, 3B30, 3B31 

Models 3B10 and 3B11 are nonisolated modules that accept mV 
and V signals respectively. Models 3B30 and 3B31 are isolated 
modules that accept mV and V signals respectively. All screw 
terminal connections have at least 130V rms protection. 

WIDEBAND MILLIVOLT AND VOLT INPUT 
MODELS 3B40, 3B41 

Models 3B40 and 3B41 are isolated modules that accept mV and 
V signals respectively. The modules have a lOkHz bandwidth to 
interface to dynamic signals. All screw terminal connections 
have at least 130V rms protection. 

CURRENT INPUT MODELS 3B12, 3B32 

Models 3B12 (nonisolated) and 3B32 (isolated) accept process 
current signals. Both models use a 100ft sensing resistor that is 
mounted on backplane terminals 2 and 3. All screw terminal 
connections have at least 130V rms protection. 

AD590 INPUT MODEL 3B13 

Model 3B13 accepts an AD590 as its input signal. Sensor excitation 
is provided and a 2kft sensing resistor is mounted on backplane 
terminals 2 and 3. All excitation input and output screw terminal 
connections have 130V rms protection. 

LVDT OR RVDT INPUT MODEL 3B17 

Model 3B17 accepts signals from 4, 5 and 6 wire LVDT or 
RVDT transducers. It provides an ac excitation of 1-5V rms at 
frequencies ranging from IkHz to lOkHz and has a lOOHz 
bandwidth. All screw terminal connections have 130V rms 
protection. 

AC INPUT MODELS 3B42, 3B43 AND 3B44 

Models 3B42, 3B43, and 3B44 accept ac signals from 20mV to 
450V rms. The modules are rms calibrated for sinusoidal inputs, 
such as ac power lines. All screw terminal connections have at 
least 130V rms protection. 

FREQUENCY INPUT MODELS 3B45, 3B46 

Models 3B45 and 3B46 accept frequency input signals from 
25Hz to 25kHz. User selectable thresholds of 1.6V and OV (for 
zero crossing) are available. All screw terminal connections have 
at least 130V rms protection. 
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Output Modules 



FEATURES 

High Level Voltage Input (0 to +10V, ±10V) 

Process Current Output (4-20mA/0-20mA) 

High Accuracy: ±0.1% 

Reliable Transformer Isolation: ± 1500V CMV, CMR = 

90dB 
Meets lEEE-STD 472: Transient Protection (SWC) 
Output Protection: 130V or 220V rms Continuous 
Reliable Pin and Socket Connections 
Low Cost Per Channel 



GENERAL DESCRIPTION 

Each output module accepts a high level analog signal from the 
system connector and provides a current output on the output 
screw terminals. When a + 24V loop supply is used, loads up to 
850n can be driven. If desired, + 15V can be used to power the 
output modules with a smaller load (up to 4000). Each output 
module features high accuracy of ± 1%. If isolation is required, 
the 3B39 provides ± 1500V peak common-mode voltage isolation 
protection. 

NONISOLATED OUTOUT MODEL 3B19 

The 3B19 output module accepts a to + lOV or ± lOV input 
signal and converts it to a proportional current output. Output 




ranges are jumper selectable for either 0-to 20mA or 4-to-20mA. 
The current output is protected to 130V rms continuous. 

ISOLATED OUTPUT MODEL 3B39 

Model 3B39 is an isolated module that accepts a to + lOV or 
± lOV input signal and converts it to a proportional current 
output. Output ranges are jumper selectable for either 0-to-20mA 
or 4-to-20mA. Input to output isolation is rated to 1500V pk 
continuous. 



Backplanes 



FEATURES 

4-, 8-, or 16-Channel Versions Available 

ac or dc Power Supply Options 



GENERAL DESCRIPTION 

The three backplane models, 3B01, 3B02 and 3B03 are designed 
for 16, 8 and 4 chaimels, respectively, to give users the flexibility 
to match the size of a system to specific applications. The 16-chan- 
nel backplane can be mounted in a 19" x 5.25" panel space. The 
backplanes can be surface mounted, mounted on a rack or moimted 
in a NEMA enclosure. 

POWER SUPPLY 

The 3B Series Subsystem can operate from a common ac power 
supply or dc/dc ( + 24V input) power supply mounted on the 
backplane or an externally provided ± 15V and +24V supply. 
The power supply is bussed to all signal conditioners in the 
system. The current consumption is a function of the modules 
that are actually used. 
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3B Series Subsystem Specifications 



INPUT MODULES 



BACKPLANES 



Input Types 

Thennocouples: J, K, T, E, R, S, B 

Thennocouples: J, K, T, E, R, S, B (Linearized) 

RTDs: lOOn Platinum, lOfl Copper, 120nNickel (Linearized) 

Strain Gage Transducers; ± 30mV and ± lOOmV spans 

LVDT or RVDT: 4, 5, 6 Wire 

Solid State Temperature Transducers: AD590 or AC2626 

DC Voltage: ±10mV, ±50mV, ±100mV ±1V, ±5V,±10V 

DC Current: 4-to-20mA, 0-to-20mA 

AC Voltage: 0-50mV rms, 0-lOOmV rms, 0-lOV rms, 

0-150V rms, 0-250V rms 
Frequency: 0-25Hz, 0-300Hz, 0-1500Hz, 0-3000Hz, 0-25kHz 

Outputs (Simultaneous) 

to + lOV or ± lOV and 
4-to-20mA or 0-to-20mA* 



Channel Capacity 
3B0I: 16 channels 
3B02: 8 channels 
3B03: 4 channels 



POWER SUPPLIES 

Backplane Mounted: 

100, 115, 220, 240V ac, . 

or +24Vdc 
External Power Option 

±15Vdcand +24Vdc 



MECHANICAL 



Performance 

Accuracy: ± 0. 1% of span 
Nonlinearity: ±0.01% of span 
Bandwidth: 3Hz(-3dB) 

Isolated Modules 

Common-Mode Voltage, Input to Output: ± 1500V pk continuous 
Transient Protection: Meets lEEE-Std 472 (SWC) 
Normal-Mode Input Protection: 220V rms continuous 
Current Output Protection: 130V rms continuous 
Common-Mode Rejection @ 50Hz or 60Hz: 160dB 
Normal-Mode Rejection @ 50Hz or 60Hz: 60dB 

Nonisolated Modules 

Common-Mode Voltage: ±6.5V 
Normal-Mode Input Protection: 130V rms continuous 
Current Output Protection: 130V rms continuous 
Common-Mode Rejection @ 50Hz or 60Hz: 90dB 
Normal-Mode Rejection @ 50Hz or 60Hz: 60dB 

OUTPUT MODULES 

Input 

to + lOV or ± lOV 



Input or Output Modules: 
3.150" X 0.775" X 3.395" 
(80.0mm x 19.7nmi x 86.2nmi) 
Backplanes: 
3B01: 17.40" x 5.20" x 4.37" 

(442.0mm x 132.1mm x 111.1mm) 
3B02: 11.00" x 5.20" x 4.37" 

(279.4nmi x 132.1mm x lll.lnmi) 
3B03: 7.80" x 5.20" x 4.37" 

(198.1mm x 132.1mm x 111. 1mm) 



ENVIRONMENTAL 

Temperature Range, Rated Performance: 

-25**Cto +85°C 
Storage Temperature Range: 

-55°Cto +85°C 
Relative Humidity: Conforms to MIL-STD 202, 

Method 103 
RFI Susceptibility: ±0.5% span error, 

5W @ 400MHz @ 3 ft. 



Output 

4-to-20mA or 0-to-20mA 

Performance 

Accuracy: ±0.1% of span 
Nonlinearity: ±0.01% of span 

Isolated Module 

Common-Mode Voltage, 

Input to Output: ± 1500V pk continuous 
Current Output Protection 

Transient: Meets lEEE-Std 472 (SWC) 

Continuous: 220V rms 

Nonisolated Module 

Current Output Protection: 130V rms continuous 

*There is no current output on the 3B47. 
Specifications subject to change without notice. 



11-92 SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS 




ANALOG 
DEVICES 



Alarm Limit Subsystem 



4B Series 



3 DIGIT DISPLAY 

INDICATES SETPOINTS 

AND PROCESS VARIABLE 



ANY MtX OF 
ALARM MODULES 



NO RELAY OUTPUTS 
PER MODULE 



DIGITAL I/O CONNECTOR 

FOR ALARM READ8ACK 

AND ACKNOWLEDGEMENT 



RACK MOUNTiNQ 






9mmmM£ 



FEATURES/BENEFITS 

• Low Cost, Completely Integrated 12-Channel Modular 
Alarm Limit Subsystem 

Selection of Alarm Limit Modules 

Rugged Industrial Chassis, Rack or Surface Mounted 

On-Board Power Supplies Available 

• Alarm Modules Accept High Level Voltage and Process 
Current Inputs 

• Complete Alarm Function per Module 

High Accuracy of ±0.1% 

Two Set Points, Adjustable Over 100% Span 

Dead Band Adjustment per Set Point, Adjustable 

Over 0.5%-10.0% Span 

Alarm Types are Configurable for HI or LO Operation 

Two Relay Outputs 

Three Digit Display Indicates Set Points and Process 

Variable as a Percent of the Input Span 

LED per Set Point Provides Local Alarm Indication 

Input Protection 

High RFI/EMI Immunity 

• Specifications Valid Over the to +70°C Temperature 

Range 

• Easy to Install, Calibrate and Service 

Direct Connections to Industrial Screw Terminals 
Modules Removable without Disturbing Field Wiring 
or Power 
Front Panel Set Point and Dead Band Adjustments 

• Convenient Connection to User's Equipment 

Interfaces Directly to Analog Output Subsystems 
Used for Single Board Computer Interfaces 
Universal Adapter Board Allows Easy Interface 
to Any Equipment 



GENERAL DESCRIPTION 

The 4B Series Alarm Limit Subsystem is a low cost method of 
providing adjustable alarm limits. Used in conjunction with 
either the 5B Series, the 3B Series or a module in the 2B Series 
transmitter family, the 4B Series' modules provide alarms for a 
wide variety of process sensors and transducers. The Alarm 
Limit Subsystem accepts a high level signal and provides fully 
independent HI and LO relay outputs. 

The subsystem consists of a 19" relay rack compatible universal 
mounting backplane and a family of plug-in (up to 12 per rack) 
alarm limit modules. A four channel backplane is also available. 
The modules, designed for voltage or current inputs, can be 
readily mixed and matched and interchanged without disturbing 
field wiring. Each backplane incorporates screw terminals for 
field wiring and a connector for high level single ended inputs 
from the user's equipment. 

Each alarm module has two set points which are fully adjustable 
over the 100% span. It will accept a standardized high level 
analog input and will provide one or two ON/OFF outputs. The 
allowable input ranges are ± lOV, to + lOV, 4-20mA and 0- 
20mA. All input types can be connected to either the voltage 
input connector or the input screw terminals. 

The two set points within each module can be user configured 
with push-on jumpers for HI-LO, HI-HI or LO-LO use. If 
only one limit per channel is desired, the module can be used in 
a HI or LO state. The value of each set point and the process 
variable can be viewed with a 3 digit display which is controlled 
with a rotary switch. Each set point has an adjustable dead band 
(hysteresis) which can be adjusted up to 10% of span and can be 
used to eliminate nuisance alarms. 



This two-page data summary contains key specifications to speed your selec- 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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DESIGN FEATURES AND USER BENEFITS 

Direct interface via screw-teraiinals or ribbon cable, two screw- 
driver adjustable set points per module, adjustable dead band 
per set point, a three digit display that indicates the value of the 
process variable and set points, and the modular design make 
the 4B Series Subsystem extremely easy to use. The subsystem 
features rugged packaging for the industrial environment and 
can be easily installed and maintained. 

All input screw terminals offer 130V rms normal mode protection. 
Connection reliability is assured by gold plated pin and socket 
connectors. The high quality alarm modules feature ±0.1% 
accuracy and a low drift with temperature (±0.005%/°C). 

APPLICATIONS 

The Analog Devices' 4B Series Alarm Limit Subsystem provides 
an easy and convenient solution to alarm/annunciation problems 
in measurement and control appUcations. When used with field 
transmitters or any other device that provides a process current 
or high level voltage output, it can provide either alarm indication 
or ON/OFF control. In a typical application, the 4B Series 
Alarm Subsystem provides alarm indication for any sensor input 
when used with the 3B Series Signal Conditioning Subsystem. 
The 3B Series interfaces directly to sensors and converts the 
inputs to the standardized high level analog signal that the 4B 
Series alarms. This modular approach provides a very flexible 
means to alarm indication since the same 4B module can be 
used to alarm a variety of sensors when used with the appropriate 
3B module. 

FUNCTIONAL DESCRIPTION 

Each alarm module is a single channel unit that plugs into sockets 
on the backplane and accepts its signal from either the input 
screw terminals or the voltage input connector. All alarm modules 
provide input protection, filtering of the input signal, accuracy 
of ± 0. 1% and feature two relay outputs that are capable of 
driving loads up to 3A. 

The choice of a specific 4B module depends on whether the 
input signal is a high level voltage or a process current. The 
voltage inputs can be connected to a 4B module by either the 
input screw terminals or the voltage input connectors. Process 
currents can also be connected through either the screw terminals 
or the voltage input connector, but must use a sensing resistor. 
The current input models are shipped with the required sense 
resistor, which is to be installed on the input screw terminals. 

The transfer function provided by each alarm module is: 
Inputs: High level voltage or process current 
Outputs: Two independent ON/OFF Relay Outputs 

Figure 1 shows a functional diagram for the model 4B10 alarm 
limit module which has been configured for HI-LO operation. 
The high level voltage input signal is filtered and compared 
against both set points. If the process variable is above the HI 
limit or below the LO limit, the appropriate relay is turned on. 

Each set point has an adjustable dead band (0.5%--10.0% span), 
which is used to eliminate nuisance alarms. Dead band is the 
amount of signal change necessary, after an alarm has occurred, 
to return an alarm to its original condition. As an example, if 
the HI limit is set at 75% of span and the dead band is 2%, the 
alarm will turn on when the process variable is at 75% and will 
not turn off imtil the process variable falls to 73%. For a LO 
limit configuration, the dead-band relationship is reversed and 
the alarm would not turn off until the process variable has risen 
above the sum of the LO set point value and the dead-band 
value. 

Each set point has an LED which turns on when an alarm 
condition occurs and provides local alarm indication. 




Figure 1. 4B10 Functional Blocl( Diagram 

The alarm status of both limits can be read externally from the 
digital I/O connector. When an alarm state exists which is TTL 
active high on the readback pins, the relay can be turned off 
with an external override signal (TTL active low) that connects 
to the digital I/O connector. The readback/override feature 
allows for external monitoring of the alarnji states as well as for 
external control or alarm acknowledgement. When an override 
signal is used, the readback feature reads the alarm state and 
not the relay input signal so that the state of the process variable 
can still be monitored. 

For the modules with a display, positive overload is indicated 
by ] ] ] and negative overload is indicated by a [ in the left 
most position. 

The 4B modules have five user programmable jumper options. 
Each unit can be configured for unipolar or bipolar inputs, both 
set points can be configured for HI or LO limit operation, and 
both relays can be configured for Normally Open (NO) or Normally 
Closed (NC) operation. These options allow the user to readily 
tailor the 4B units to his specific needs. For instance, if HI-HI 
operation were required, it is available by changing the appropriate 
jimipers. All modules are shipped from the factory configured 
for unipolar input, NO relay action, and HI-LO operation. 

4B MODULE SPECIFICATIONS 

(typical @ + 251! and ± 15V, + 5V dc power) 



Model 


4B10,4B20 


4B11,4B21 


4B12,4B22 


Inputs' 


Oto + lOV, ±10V 


a-20mA 


4-20mA 


Outputs (2 SPST Relays) 


Resistive Rating. 3A @ 








120Vacor24Vdc 


* 


* 


Performance 








Accuracy^ 


±0 l%span 






Temperature Stability 


± 0.005% span/°C 






Bandwidth^ 


5Hz(-3dB) 






Normal Mode Input Protection 


130V rms 






Normal Mode Rejection @50Hz or 60Hz 20dB 






Input Resistance* 


lOOMO 






Warm-Up Time to Rated 








Performance 


3Mmutes 






Features 








Two Set Pomts per Module 
















Dead band per Set Pomt 


0.5%-10.0% span, adjustable 








by 1 turn potentiometer 






Relay Acuon 








Three Digit Display^ 


0-99.9% of mput span 






Alarm Status Readback 


TTL Level 






External Override Signal 


TTL Level 






Power Supply 








Voltage, Rated Performance 


±15V, +5V 






Voltage, Operatmg 


±12Vto±18V,+ 4.5V to 5.5V 






Current* 


± 12mA, + 150mA 






Size^ 


4.020" xl. 050" X 4.020" 






Environmental 








Temperature Range, Rated Performance 


0to+70°C 






Storage Temperature Range 


-25°Cto+85°C 






Relative Humidity, Conforms to MIL 








Std 202, Method 103B 


to 95% @ 60°C, noncondensing 






RFI Susceptibility 


± 0.5% span error, 








5W@400MHz@3ft. 







NOTES 

'Voltage input range is (untper selectable 

^Accuracy includes setabihty, repeatability, linearity, and hysteresis Models 4B10, 4B11, and 4B12 have a quantizauon 

error of ± 1 digit 

'Unipolar inputs only Bipolar inputs have a bandwidth of lOHz ( - 3dB) 
■•Unipolar inputs only Bipolar inputs have an input resistance of 400kfl 
^Only models 4B10, 4B11 and 4B12 have a three digit display 
'Only models 4B10, 4BU and 4B12 Models 4B20, 4B21 and 4B22 require ± 12mA for ± 15V and + 125mA 

from +5V 

'Only apphes to models 4B10,4B11 and4B12 Models 4B20, 4B21 and 4B22 measure 4 020" x 1 050 " x 3 530" 
♦Specifications same as 4B10, 4B20 
Specifications subject to change without nouce 
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ANALOG 
DEVICES 



Compact Low-Cost 
Modular Signal Conditioners 



5B Series 



FEATURES 

• Rugged, Compact, Low Cost Signal Conditioners 

• Analog Input Modules for Direct Interface to 

Sensors: Thermocouples and RTDs 

Millivolt and Voltage Sources 

4-20mA or 0-20mA Process Current Inputs 

• Analog Output Module 

4-20mA or 0-20mA Process Current Output 

• Complete Signal Conditioning Function 

240V rms Field Wiring Protection, Filtering, 
Amplification, 1500V rms CMV Isolation, 
High Noise Rejection, RFI/EMI Immunity, and 
Wide Range Zero Suppression 

• High Accuracy: ±0.05% 

• Low Drift: ±1jjlV/°C 

• ~25X to +85X Temperature Range 

• Mix and Match Module Capability 

• Convenient Connection to User's Equipment 

• Simplified Designer Application 

GENERAL DESCRIPTION 

The 5B Series represents a new generation of low cost, high 
performance plug-in signal conditioners. Designed for industrial 
applications, these modules incorporate a new circuit design 
utilizing transformer-based isolation and automated surface 
mount manufacturing technology. They are remarkably compact, 
economical components whose performance exceeds that available 
from more expensive devices. Combining 1500V rms continuous 
CMV isolation, ±0.05% calibrated accuracy, small size and low 
cost, the 5B Series is an attractive alternative to expensive signal 
conditioners and in-house designs. 

All modules are hard potted and identical in pinout and size 
(2.25" X 2.25" X 0.60"). They can be mixed and matched, permit- 
ting users to address their exact needs, and may be changed 
without disturbing field wiring. The isolated input modules 
provide to + 5V outputs and accept J, K, T, E, R, S, and B 
thermocouples; lOOIl platinum, lOO copper and 120CI nickel 
RTDs; mV, V, 4-20mA or 0-20mA, and wide bandwidth (lOkHz) 
mV and V signals. These modules feature complete signal con- 
ditioning functions including 240V rms input protection, filtering, 
chopper stabilized low drift (± 1jjlV/°C), ampUfication, 1500V 
rms isolation, linearization for RTD and thermocouple (with 
5B47) inputs and sensor excitation when required. The output 
module converts a to + 5V input to an isolated 4-20mA or 0- 
20mA process current signal. All modules feature excellent 
common mode rejection and meet IEEE 472-1974 surge withstand 
specs. 




The 5B Series provides system designers with an easy to use 
solution for analog I/O in a minimum of board space. The modules' 
simple pinout and easy mechanical application simplify design. 

There are also a number of backplanes which provide a complete 
signal conditioning solution for end users. Each backplane in- 
corporates screw terminals for field wiring inputs and outputs 
and cold junction compensation sensors for thermocouple appli- 
cations. Nineteen-inch relay rack compatible units that can hold 
up to sixteen modules are available. 

APPLICATIONS 

These signal conditioners are designed to provide an easy and 
convenient solution to signal conditioning problems of both 
designers and end users in measurement and control applications. 
Typical uses include mini- and microcomputer-based measurement 
systems, standard data acquisition systems, programmable con- 
trollers, analog recorders, and dedicated control systems. The 
5B Series modules are ideally suited to applications where moni- 
toring and control of temperature, pressure, flow, and other 
analog signals are required. 
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DESIGN FEATURES AND USER BENEFITS 

System Design: It is easy for a system designer to apply the 
functionally complete 5B Series modules in his own circuit 
board or backplane. These modules feature a simple pinout, 
plug into widely available sockets and are secured with self- 
contained mounting screws. Other features, which can be used 
to minimize system interface cost, have also been incorporated 
in the SB Series design. Each input module has an output switch 
which is controlled by a TTL-compatible enable input, eliminating 
the need for an external multiplexer. Each output module has a 
track and hold input which permits a single D AC to serve numerous 
current output channels. For thermocouple appUcations, cold 
junction compensation sensors are available^ 

Subsystem Solution: The SB Series provides a complete signal 
conditioning solution. A family of backplanes, plug-in modules, 
factory precalibration of each unit, direct sensor interface via 
screw terminal connections, standardized high level outputs, 
and ribbon cable system interface result in easy integration into 
any system. For thermocouple applications, high accuracy cold 
junction compensation sensing is provided on each channel. A 
general susbsystem application is outlined in Figure 1. 

Flexibility: The SB Series can be easily tailored to meet each 
user's needs. These plug-in signal conditioners can be mixed 
and matched to provide I/O for various process sensors and 
actuators. Many standard configurations of each module are 
available, and, for added flexibility, factory laser trimmed custom 
units can be suppHed. A wide zero suppression capability allows 
a user to map any portion of the input signal into the fiiU ouput 
span permitting improved system resolution within a selected 
measurement range. 

High Reliability: The SB Series was designed to assure maximum 
reliability tmder real-world conditions. The modules are specified 
over the - 2S*'C to + 8SX temperature range. Each module is 
hard potted; there are no adjustment potentiometers which 
could introduce mechanical and human errors that impair system 
integrity. All field wired terminations, including sensor inputs, 
excitations and current outputs, are protected against continuous 
240V rms line voltage. This prevents a fault from damaging not 
only the module itself but also the backplane and other devices 
connected to the system. The modules also provide protection 




against high common-mode voltages and are designed to meet 
the IEEE standard for transient voltage protection (472-1974: 
SWC). Gold plated pin and socket connections are used throughout 
the system to assure connection reliability. 

High Perfonnance: The high quality signal conditioning features 
±0.0S% calibration accuracy, nonlinearity of only ±0.02% 
span, and chopper-based amplification which assures low drift 
(± IjiVrC) and excellent long-term stability. Low drift sensor 
excitation is provided when required, and die RTD module 
provides an output which is linear with temperature. 

High Noise Rejection: The SB Series Modules were designed 
to accurately process low level signals in electrically noisy envi- 
ronments by providing 1 SOO V rms continuous transformer isolation 
which eliminates ground loops, protects against transients and 
solves common-mode voltage problems. To further preserve 
signal integrity, 160dB common-mode rejection, 60dB normal- 
mode rejection and excellent RFI/EMI immunity are provided. 

Small Size: Each SB Series module measures only 
2.2S" X 2.2S" X 0.60" resulting in space savings for both system 
designers and end users: each module occupies 1.3S square 
inches of board space and a 16-channei backplane occupies only 
3.S inches in a rack. 
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Figure 1. Functional Blocli Diagram of a General Measurement and Control Application Using the 5B Series 
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INPUT MODULE FEATURES 

• Variety of Signal Source Inputs 

Sensors: Thermocouples and RTDs 

Millivolt and Voltage Sources 

4-20mA or 0-20mA Process Current Inputs 

• Mix and Match Input Capability 

• High Level Voltage Output: ±5V or to +5V 

• High Accuracy: ±0.05% 

• Low Drift: ±1|jiV/*»C 

• Reliable Transformer Isolation: 1500V rms CMV, 

160dB CMR, Meets lEEE-STD 472: Transient 
Protection (SWC) 

• Input Protection: 240V rms Continuous 

• Factory Ranged and Trimmed, Custom Ranges 

Available 



GENERAL DESCRIPTION 

The galvanically isolated SB Series input modules are single 
channel, plug-in signal conditioners that provide input protection, 
amplification and filtering, series output switching, and a high 
level analog output. Key specifications include: 1500V rms 
isolation, accuracy of ± 0.05%, ± 0.02% span nonlinearity and 
low drift of ± l|xVrC. All modules operate from a single + 5V 
supply with typical power consumption of 0.15W. The modules, 
which measure only 2.25" x 2.25" x 0.60", are hard potted. 

The transfer function provided by each input module is: 
Input - specified sensor measurement range 
Output - to + 5V or ± 5V. 

Each 5B Series input module is available in a number of standard 
ranges, and special ranges can be factory configured. Analog 

Devices will provide a special function when a model 5B 

-CUSTOM is ordered with the desired range. 

5B37 FUNCTIONAL DESCRIPTION 

Figure 2 shows a functional diagram for a typical input module, 
the 5B37 thermocouple conditioner. The module provides cold 
junction compensation for the associated screw terminals as well 
as a bias current to give a predictable (upscale) response to an 
open thermocouple. Input protection allows safe operation even 
in the event of a 240V rms power line being connected to the 
signal terminals. (In modules designed to work with sensors 
requiring excitation, low drift sensor excitation is provided and 
is protected at the same level). 

A three-pole filter with a 4Hz cutoff provides 60dB of normal-mode 
rejection and CMR enhancement at 60Hz. One pole of this filter 
is located at the module input while the other two poles are in 
the output stage for optimum noise performance. A chopper- 
stabihzed input amplifier provides all of the module's gain for 
ultra-low drift. This amplifier operates on the input signal after 
subtraction of a stable, laser trimmed zero-suppression signal 
which sets the zero-scale input value. It is, therefore, possible to 
suppress a zero-scale input which is many times the total span 
to provide precise expanded scale measurements. 




Signal isolation is provided by transformer coupling, using a 
proprietary modulation technique for exceptionally linear, stable 
performance at low cost. A demodulator on the output side of 
the signal transformer recovers the original signal, which is then 
filtered and buffered to provide a clean, low-impedance output. 
A series output switch is included to eliminate the need for 
external multiplexing in many apphcations. This switch has a 
low output resistance (5011) and is controlled by an active-low 
enable input which is compatible with CMOS and LSTTL 
signals. In cases where the output switch is not used, such as 
single-channel and conventionally multiplexed apphcations, the 
enable input should be grounded to power common to turn on 
the switch. 

A single + 5V power supply input (as used for all 5B Series 
modules) operates a clock oscillator which drives power trans- 
formers for the input and output circuits. The input circuit is, 
of course, fully floating. In addition, the output section acts as a 
third floating port, eliminating many problems that might be 
created by ground loops and supply noise. The common-mode 
range of the output circuit is limited; however, output common 
must be kept within ± 3V of power common, and a current 
path must exist between the two commons at some point for 
proper operation of the demodulator and output switch. 




lJ6v PWR 
JJ^COM 



Figure 2. 5B37 Block Diagram 
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Model 


5B30/5B31 


5B32 


5B34 


5B37/5B47 


5B40/5B41 


Input Ranges 


dcmV/dcV 


Process Current 


RTD 


Thermocouple 


Wideband dcmVA^ 


Output Ranges 


±5V0rOto+5V 


0to+5V 


0to+5V 


Oto+5V 


* 


Accuracy' 


±0.05% Span 


* 


* 


*/0.10%Span 


* 


Nonlinearity 


±0.02% Span 


* 


0.05% Span Conformity 


*/NA 


* 


Stability vs. Ambient Temperature 












Input Offset 


±1|jlV/°C/20|xV/°C 


± 0.0025% Span/°C 


±0.02°C/°C 


±0.02°C/°C/>iLV/°C 


±2,jLV/°C/±40tJLV/°C 


Output Offset 


±20jjlV/°C 


* 


* 


*/NA 


* 


Span 


±25ppmofrdg/°C 


±35ppmofrdg/°C 


±50ppmofrdg/°C 


* 


* 


Common-Mode Voltage, Input to Output 


1 500V rms Continuous 


* 


* 


* 


* 


Common-Mode Reiection@ 50Hzto60Hz 












Ikn Source Unbalance 


160dB/150dB 


* 


* 


* 


100dB/90dB 


Normal-Mode Rejection (a 50Hz or 60Hz 


60dB 


* 


* 


* 
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Differentia! Input Protection 
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* 


* 


" 
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5oa 


* 


• 


* 


* 


Voltage Output Protection 


Continuous Short to Ground 


* 


* 


* 


* 


Input Transient Protection 


Meets lEEE-STD 472 (SWC) 


* 


* 


* 


* 
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5Ma/650kn 


* 


* 


* 


200Mft/650kn 


Bandwidth 


4Hz 


* 


* 
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20(xs 
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* 


* 


* 


Power Supply 
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* 


* 


• 


Power Consumption 


0.15W 


* 


* 


* 


• 
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2.25" X 2.25" X 0.6" 


* 


* 


* 


* 
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Temperature Range, Rated Performance 


-25°Cto+85°C 
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NOTES 

•Specifications same as 5B30 

'Accuracy specification includes the combined effects of repeatability , hysteresis and linearity and does not include sensor or signal source error 
This specification is for the 5B Series family and may not apply to all ranges of all modules Consult the 5B Series User's Manual for detailed specifications 
Specifications subject to change without notice 



Input Type/Span 


Output 


Model 


dc, ±5mVto±500mV 


±5V 


5B30,5B40 


dc, ±500mVto±10V 


±5V 


5B31,5B41 


Process Current, 4-20mA or 0-20mA 


0-5V 


5B32 


Thermocouple Types J, K, T, E, R, S, B 


0-5V 


5B37 


Linearized Thermocouple 






TypesJ,K,T,E,R,S,B 


0-5V 


5B47 


2, 3, 4 Wire RTDs- lOOH Platinum, 






ion Copper, 1200 Nickel 


0-5V 


5B34 



Table I. Input Selection 

ISOLATED MILLIVOLT AND VOLTAGE INPUT 
MODELS 5B30, 5B3I 

Model 5B30 and 5B31 accept millivolt and voltage signals re- 
spectively and have a 4Hz bandwidth. 

ISOLATED CURRENT INPUT MODEL 5B32 

Model 5B32 accepts process current signals. A resistor is supplied 
to convert the signal current to a voltage, and, since that resistor 
cannot be protected against destruction in the event of inadvertent 
connection of the power line, it is provided in the form of a 
separate pluggable resistor carrier assembly. Extra current con- 
version resistors are available as accessories. 



ISOLATED RTD INPUT MODEL 5B34 

This RTD input module provides 3 wire lead resistance com- 
pensation and can be connected to 2, 3, or 4 wire RTDs. The 
lead resistance effect is ±0.02°C/n. It provides a low drift sensor 
excitation current of 0.25mA for the 5B34 or 5B34-N or 1.0mA 
for the 5B34-C and produces an output signal that is linear with 
temperature with a conformity error of ± 0.05% of span and 
accuracy of ±0.05% of span. 

ISOLATED THERMOCOUPLE INPUT MODELS 5B37, 
5B47 

The isolated thermocouple model incorporates cold junction 
compensation circuitry which provides an accuracy of ±0.5°C 
over the -f-5°C to +45°C ambient temperature range. Open 
thermocouple detection (upscale) is also provided. Standard 
models are available for thermocouple types J, K, T, E, R, S, 
and B. Model 5B47 provides a linearized 0-5 V output. 

ISOLATED WIDEBAND MILLIVOLT AND VOLTAGE 
INPUT MODELS 5B40, 5B41 

Models 5B40 and 5B41 accept millivolt and voltage signals 
respectively and have a lOkHz bandwidth for interface to dynamic 
signals. 
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5B SERIES MODULE OUTLINE 

Dimensions shown in inches and (mm). 
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PIN DESIGNATIONS 
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Figure 3. SB Series input Connections 
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OUTPUT MODULE FEATURES 

• Voltage Input Ranges: to +5V or ±I5V 

• Process Current Output: 4-20mA or 0-20mA 

• High Accuracy: ±0.05% 

• Reliable Transformer Isolation: 1500V rms CMV, 

CMR=:90dB 

• Meets lEEE-STD 472: Transient Protection (SWC) 

• Output Protection: 240V rms Continuous 

GENERAL DESCRIPTION 

The 5B39 Current Output Module accepts a high level analog 
signal at its input and provides a 4-20mA or 0-20mA process 
current signal at its output. The module features high accuracy 
of ± 0.05% and 1 500V rms common-mode voltage isolation pro- 
tection. 

The transfer function provided by this module is: 
Input - 0to+5Vor±5V 
Output - 4-20mAor0-20mA. 

To provide this range of functions four varieties of the 5B39 are 
available; unipolar or bipolar input and output range must be 
specified when ordering. 

5B39 FUNCTIONAL DESCRIPTION 

Figure 4 is a functional block diagram of the 5B39 current 
output module. The voltage input, usually from a digital-to-analog 
converter, is buffered and a quarter scale offset is added if a 
4-20mA output is specified. 

The signal is latched in a track-and-hold circuit. This track-and- 
hold allows 1 DAC to serve numerous output channels. The 
output droop rate is 80|xA/s which corresponds to a refresh 
interval for 0.01% FS droop of 25ms. The track-and-hold is 
controlled by an active-low enable input which is compatible 
with CMOS and LSTTL signals. In conventional appUcations 
where one DAC is used per channel and the track-and-hold is 
not used, the enable input should be grounded to power common. 
This keeps the module in tracking mode. 

The signal is sent through an isolation barrier to the current 
output (V-to-I converter) stage. Signal isolation is provided by 
transformer coupling using a proprietary modulation technique 
for linear, stable performance at low cost. A demodulator on the 
output side of the signal transformer recovers the original signal, 
which is then filtered and converted to a current output. Output 
protection allows safe operation even in the event of a 240V rms 
power line being connected to the signal terminals. 



A single + 5V supply powers a clock oscillator which drives 
power transformers for the input circuit and the output's high 
compliance, current loop supply. The output current loop is, of 
course, fully floating. In addition, the input section acts as a 
third floating port, eliminating many problems that might be 
created by ground loops and supply noise. The common-mode 
range of the input circuit is limited; however, input common 
must be kept with ± 1 V of power common, and a current path 
must exist between the two commons at some point for proper 
operation of the track-and-hold control input. 

OUTPUT MODULE SPECIFICATIONS 

(typical @ + 25n: and + 5V power) 



Input Ranges 


Oto+5Vor±5V 


Output Ranges 


4-20mAorO-20mA 


Load Resistance Range' 


Oto650n 


Accuracy^ 


±0.05% Span 


Nonlinearity 


±0.02% Span 


Stability vs. Ambient Temperature 




Zero 


±0.5|xA 


Span 


20ppmofSpan/°C 


Common-Mode Voltage, Output to 




Input and Power Supply 


1 500V rms Continuous 


Common-Mode Rejection 


90dB 


Normal-Mode Output Protection 


240V rms Continuous 


Output Transient Protection 


Meets lEEE-STD 472 (SWC) 


Sample & Hold: 




Output Droop Rate 


80fjiA/s 


Acquisition Time 


50m,s 


Over Range Capability 


10% 


Maximum Output Under Fault 


26mA 


Input Resistance 


lOMO 


Bandwidth 


400Hz 


Power Supply 


+ 5Vdc±5% 


Power Consumption 


0.85W (170mA) 


Maximum Input Voltage Without Damage 


±10V 


Size 


2.25" X 2.25" X 0.6" 


Environmental 




Temperature Range, Rated Performance 


-25°Cto+85°C 


Storage Temperature Range 


-40°Cto+85°C 


Relative Humidity Conforms to 




MIL Spec 202 


0to95%@60°C 




Noncondensmg 


RFI Susceptibility 


± 0.5% span error, 5W 




(« 400MHz (a 3 ft. 



NOTES 

'With a minimum power supply voltage of 4 95V, Ri can be up to 7500 
^Accuracy specification includes the combined effects of repeatability, hysteresis and 
linearity Does not include signal source error 
Specifications subject to change without notice . 




Figure 4. 5B39 Block Diagram 
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DESIGNER APPLICATION FEATURES 

• Module Pins Fit Widely Available Sockets 

• Single Threaded Insert for Module Hold Down 

• Cold Junction Compensation Sensors Available 

• Input Modules Have Internal Series Output 

Switches 

• Output Modules Have Track-and-Hold Inputs 

DESIGNER APPLICATION INFORMATION 

The 5B Series was designed to facilitate integration by a system 
designer into his own circuit board or backplane. Only a single 
3.0mm threaded insert is required for module hold down. Module 
pins are accommodated by widely available sockets, and temper- 
ature sensors for thermocouple cold junction compensation are 
available as one-piece precalibrated units. 

The 5B Series was also designed to minimize system interface 
space and cost. Each input module has an internal series output 
switch which can be controlled by a TTL-compatible enable 
input eliminating the need for external multiplexers. Each output 
module has a track-and-hold input which allows a single digital-to- 
analog converter to serve numerous channels. In applications 
where it is desirable to do so, the module enable lines can be 
grounded, and the SB Series input modules can be used with a 
conventional external mux and the output modules with a DAC 
per channel. 

Ease of system application of these modules is enhanced by the 
fact that the output modules have enable and signal input pin 
assignments which do not coincide with the enable and signal 
output pins of the input modules, see Figure 5. This means that 
in a single mix-and-match backplane environment the reading of 
inputs and the writing and refreshing of outputs are completely 
independent and occur simultaneously. For example, the input 
system may dwell for a long time on a single channel to collect 
thousands of samples without having to interrupt the process to 
do an output refresh or set a new output value. Similarly, a 
"dumb" refresh circuit can be built which can maintain outputs 
without even knowing which channels have output modules; it 
can refresh all channels, and those that are really inputs will 
ignore the operation. 

BASIC DESIGN GUIDELINES 

Modules may be mounted in any position and will normally be 
placed next to the screw terminals connecting to the associated 
field wiring. The temperature sensor is only used by thermocouple 
modules, but it is normally installed in all channel locations in a 
"mix-and-match" application. This sensor must be physically 
close to the terminals where the thermocouple wire connects to 
copper. Because the low power dissipation of the 5B Series 
minimizes temperature gradients pn the backplane, no special 
precautions are needed to get accurate temperature sensing. 
Provision must be made on each channel for the 5B32*s current 
conversion resistor. 

The width of the modules is intended to permit installation on 
0.6" centers where required, but consideration must be given in 
each application to the required distance between backplane 
conductors where large interchannel voltages exist or where 
code requirements apply. The nature of the screw terminals 
used for field wiring will also factor in determining practical 
interchannel spacing. 



The SB Series User's Manual includes an extensive discussion of 
system design issues. Design of backplanes which take full 
advantage of the 5B Series* capabilities by maintaining isolation 
is emphasized. 

OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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Figure 5. Module Footprint and Pinout 
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BACKPLANE FUNCTIONAL DESCRIPTION 

To address diverse applications, the 5B Series includes an ex- 
panding family of backplanes. Two 16 channel backplanes which 
can be mounted in a 19" x 3.5" panel space are available. Each 
channel has four screw terminals for field connections. These 
connections satisfy all transducer inputs, process current outputs, 
and provide transducer excitation when necessary. A cold junction 
sensor is supplied on each channel to accommodate thermocouple 
modules. A system interface connector provides high level voltage 
I/O for all channels. Both 5B Series backplanes require a + 5V 
external power source. Other backplanes with integral power 
supplies are under development. 

The 5B Series offers high density packaging to conserve mounting 
space and can be easily tailored to fit the user's needs. All modules 
feature universal pin out which assures interchangeability. The 
screw down design allows easy reconfiguration. 

The 5B01, diagrammed in Figure 6, provides sixteen single 
ended input/output pins on the system connector. It is pin 
compatible with Analog Devices' 3B Series applications. (Note, 
however, that 5B Series modules provide a ± 5V output swing 
rather than the ± lOV swing provided by 3B Series modules). 



BACKPLANE SPECinCATIONS 
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Figure 6. 5B0 1 Block Diagram 

The 5B02, diagrammed in Figure 7, incorporates an input and 
an output bus which take advantage of the internal series output 
switches in the input modules and the track-and-holds in the 
output modules. Designers integrating the 5B02 into a measure- 
ment and control system do not need external multiplexers and 
can use a single digital to analog converter to serve numerous 
output channels. 

For smaller applications, the 5B03 and 5B04 module sockets are 
available for one and two 5B Series modules, respectively. These 
module sockets may be clustered for groups of three or more 
signals, and they are DIN rail compatible using Phoenix Universal 
Module UM elements. 
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Figure 8. System Connector Pinout 

ACCESSORIES 

To ease the board design process for designers and to complete 
the 5B Series subsystem solution, the following accessories are 
available. 

CJC Sensors. SIP temperature sensors are available to provide 
cold junction temperature measurement for thermocouple appli- 
cations on user designed backplanes. These sensors are provided 
on each channel of the 5B01 and 5B02 backplanes. Model number 
AC1361. 

Current Conversion Resistors. Supplied with each 5B32 Current 
Input Module, a replacement pluggable resistor (20ft) assembly. 
Model number AC 1362. 

Single Channel Socket. A single channel test socket with screw 
terminals and cold junction compensation for module evaluation. 
DIN rail compatible. Model number AC 1360. 

Rack Mount. A single piece metal chassis for mounting 5B 
Series backplanes in a 19" rack. Model number AC 1363. 

Power Supplies. Chassis mounted lA (model number 955) and 
3A (model number 976) 5V power supplies are available. 

Cables. A 2' (60cm) 26-pin cable with two connectors, model 
number AC1315. For daisy chaining 5B02 backplanes, a 26-pin 
cable with three connectors, model number CAB-01. 

Interface Board. A universal interface board with a 26-pin 
connector in and 26 screw terminals out. Model nimiber 
AC1324. 
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Figure 7. 5802 Biocfc Diagram 
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Input Type Limited Differential 
Floating 
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Parallel BCD Latched 
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• 




Display Type LED 
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Display Size in/mm 
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2.44/63 


Power Supply +5V 
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NOTES 

* Case depth includes mating connector. All logic powered DPMs use industry standard case with 3.175" 

(80.65 X 45.97mm) cutout. AC-powered AD2026-2 uses industry standard case with 3.930" X 1.682" 

42.72mm) cutout. 

* Other products that are still available are listed on page 17-4. 
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NOTES 

^ AC line-operated versions. 

* Other products that are still available are listed on page 17-4. 
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Orientation 

Digital Panel Instruments 



A digital panel instrument is a self-contained instrument designed 
for panel mounting. It contains circuitry for measuring analog 
quantities, converting them to digital and providing a muneric 
readout. In addition, it usually provides data outputs for interfacing 
with a printer and/or a computer system. 

Digital panel instruments manufactured by Analog Devices fall 
into two classes: digital panel meters for voltage measurements 
and microprocessor-based digital thermometers to read out 
temperature measurements from user-chosen sensors. A digital 
panel meter measures voltage, generally with fractional-millivolt 
resolution. A temperature meter accepts inputs from standard 
thermocouples, RTDs, and thermistors, and provides readouts 
directly in temperature, to 3 1/2 or 4 1/2 digits; thermocouple 
meters provide reference-junction compensation and hnearization, 
while RTD/thermistor meters also provide current excitation for 
RTDs and thermistors. 

Two useful publications from Analog Devices may be helpful in 
understanding the issues involved in signal conditioning and 
data conversion: Analog-Digital Conversion Handbook, third 
edition (1986, $32.95) and Transducer Interfacing Handbook 
(1980, $14.50). Both are available from the Analog Devices 
Literature Center at P.O. Box 796, Norwood MA 02062. 

A DPM samples the input voltage periodically, converts that 
voltage to digital, and displays the corresponding reading visually. 
A digital panel meter, then, consists of four basic functional 
sections: the input section, including signal conditioning and 
analog to digital conversion circuitry; the display; the data outputs 
and the power supply. 

Processing the Input Signal 

The primary function of the input section is to convert an analog 
input voltage into a digital signal for display. Besides this basic 
function, the input section also buffers the input to provide a 
high input impedance, prevent circuit damage in overvoltage 
conditions, reject both normal-mode and common-mode noise 
on the input signal, compensate for large variations in operating 
temperature and sometimes even measure the ratio of two separate 
input voltages. 

The analog to digital conversion scheme used on most DPMs is 
the dual-slope type due to its inherent stability and normal-mode 
noise rejection. The dual-slope converter can also be used to 
measure the ratio of two input voltages in some DPM designs. 
Lower-resolution DPMs sometimes use staircase or single slope 
converters which require RC filtering of the input signal for a 
normal-mode-noise rejection. 

The input of the DPM may be single-ended, differential or 
floating. Single-ended inputs measure the input voltage with 
respect to input common and may require some care in appHcation 
to avoid ground loop problems. To prevent ground loops, some 
of Analog Devices' DPMs use a "Umited differential input," 
where a resistor separates analog and digital grounds allowing 
up to 200mV of common-mode voltage and providing up to 
60dB of common-mode rejection. 

AC-powered DPMs can be floated on the power-supply trans- 
former to provide isolation and CMR. For example, the line- 
powered AD2026-2 has floating inputs with 116dB of CMR and 
a 1,000- volt common-mode rating. 



Displaying the Data - Digital Outputs 

Once the input signal is digitized, it is decoded and displayed 
on a digital readout. Analog Devices DPMs use large seven- 
segment light-emitting diode (LED) displays. 

DPM full-scale range, including overrange, is defined by the 
number of digits and polarity. In mixed-fraction designations 
(e.g., 3 1/2 digits), a full digit is one capable of displaying any 
numeral from through 9. The fraction generally means the 
ratio of the display's maximum leading digit to the power of two 
that corresponds to the number of overrange bits; for example, 
a 3 1/2-digit meter's maximum reading is 1999, a 4 3/4-digit 
meter's maximum reading is 39999. 

Since the visual display of a DPM must be in a decimal format, 
counter chips used in DPM conversion circuitry are generally 
binary-coded decimal (BCD) types. The data output format 
depends on the circuit design of the meter; for example, the 
AD2010 has parallel BCD data outputs with all BCD bits available 
simultaneously, while the AD2021 has character-serial outputs - 
each BCD digit is gated onto a single set of parallel output lines 
in sequence. The latter technique requires fewer connections 
and simpUfies data interfacing. 

Digital data outputs from DPMs are generally compatible with 
DTL or TTL logic systems; many DPMs are also compatible 
with CMOS logic. 

Control 

The kinds and number of control inputs and outputs - and 
their interpretation - may differ from one model to another, but 
they are well defined on the data sheets. Examples of typical 
control fimctions that may be found in DPMs include triggering 
of conversions, external hold, decimal points (jumper or logic- 
programmable), display blanking and status output. 

DIGITAL TEMPERATURE METERS 

Microprocessor-based devices in this class include the AD2050/ 
AD2051 Thermocouple Meters, the AD2060/AD2061 Autoranging 
RTD/Thermistor Meters and the AD2070/AD2071 Autoranging 
Thermocouple Meters. 

In addition to the basic panel-meter circuitry, these instruments 
have signal-conditioning front ends with overvoltage protection 
and open-sensor detection, automatic self-calibration and sophis- 
ticated output options. Besides linearization, their functions 
include cold-junction compensation for thermocouples and exci- 
tation for RTDs and thermistors. They read out in degrees 
Fahrenheit or Celsius, and the autoranging types choose between 
0.1° and 1° resolution, depending on range. 

The AD2050, AD2060, and AD2070 are dedicated instruments 
for optional specific sensor types (e.g., type K thermocouple), 
while the AD2051, AD2061, and AD2071 are "universal instru- 
ments" for any one of a set of specified sensors, programmable 
by the user to meet the needs of the application. 

Communication options simplify temperature recording with 
computers, strip-chart recorders or printers. In addition to 7-bit 
character-serial ASCII outputs, the user has the option of a 
Hnearized analog output for strip-chart recorders, and serial 
ASCII output in two forms: isolated 20mA digital current-loop 
and/or nonisolated TTL. The AD2070/AD2071 has optional 
isolation for all data outputs, including RS-232. 
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Understanding Performance Specifications 

Resolution, Accuracy and Stability - these three specs are very 
important in the selection of a DPM. Although more digits may 
mean more resolution, the digits themselves are useless unless 
the accuracy is sufficient for the digits to have real meaning. 
Therefore, accuracy and resolution should be comparable. 

Besides temperature variations, there are three components of 
DPM inaccuracy: zero offset error, gain error and quantization 
error. In any device using a counter and clock to determine a 
digital output, there is always a potential ± 1 count error in the 
output. This is caused by the timing of the input gate of the 
counter; when the gate closes asynchronously with the clock, a 
clock pulse that occurs just as the gate closes may or may not be 
counted, hence the fixed ± 1 digit inaccuracy. 

Zero-level offsets in the analog circuitry cause errors specified as 
a percentage of full-scale reading. These errors can be corrected 
by a zero-calibration potentiometer requiring periodic resetting, 
or by internal calibration circuits that set the zero level automat- 
ically between each pair of readings, assuring no zero-level 
contribution to the error. 

Gain variations occur as a function of signal level in the analog 
circuitry and produce errors which are specified as a percentage 
of the reading. These are the hardest errors to design out of a 
DPM circuit, but they can be minimized by component specifi- 
cation and selection. A range potentiometer is used for periodic 
adjustment of the gain. Gain errors may also be calibrated out 
in "smart" instruments having an automatic internal calibration 
facility (e.g. AD2070). 

Since all the electronic components used in the design of a 
DPM have some temperature dependence, one can expect the 
accuracy of the DPM to be affected by changes in operating 
temperature. If automatic zero correction circuitry is not used, 
the zero level may drift with temperature. Variations in the 
reference voltage circuitry and its associated switches will cause 
changes in the gain of the DPM, but careful selection and matching 
of components can minimize this error. 

To illustrate these specifications, consider a 3 1/2 digit DPM 
(1999 counts full scale). The resolution of the unit is the value 
of one digit, 1 part in 2000 or 0.05% of full scale. If the accuracy 
is comparable to the resolution (exclusive of digital indecision), 
the DPM should have a maximum error of ± 0.05% ± 1 digit. 

Temperature coefficient specifications for a DPM should be 
very good to maintain the accuracy. A tempco of only 50ppni/°C 
(0.005%rC) will produce an additional error of ±0.05% over a 
range of only ± 10°C. 

Since each manufacturer tends to use a different method of 
specifying accuracy and temperature coefficients, specifications 
must be expressed in common terms to be comparable. 



DEFINITIONS - DPM TERMS & SPECIFICATIONS 

Accuracy (Absolute): DPMs are calibrated with respect to a reference 
voltage which is in turn calibrated to a recognized voltage standard. 
The absolute accuracy error of the DPM is the tolerance of the 
full-scale set point referred to the absolute voltage standard. 

Accuracy (Relative): Relative accuracy error is the difference 
between the nominal and actual ratios to full scale of the 
digital output corresponding to a given analog input. See also: 
Linearity. 

Automatic Zero: To achieve zero stability, a time interval during 
each conversion is provided to allow the circuitry to compensate 
for drift errors, thereby providing virtually no zero drift error. 

Bias Current: The current required from the source at zero 
signal input by the input circuit of the DPM. Bias current is 
normally specified at typical and maximum values. Analog Devices' 
DPMs using transistor input circuitry are biased current sinks. 

Binary Coded Decimal (BCD): Data coding where each decimal 
digit is represented by a group of 4 binary coded digits (called 
"quads"). Each quad has bits corresponding to 8, 4, 2 and 1 
and 10 permissible levels with weights 0-9. BCD is normally 
used where a decimal display is needed. 

Bipolar: A bipolar DPM measures inputs which may be of either 
positive or negative polarity and automatically displays the polarity 
as well as the magnitude of the input voltage on the readout. 

Character Serial BCD: Multiplexed BCD data outputs, where 
each digit is gated sequentially onto four common output lines. 

Common-Mode Rejection: A differential-input DPM will reject 
any input signals present at both input terminals simultaneously 
if they are within the common-mode voltage range. Common- 
mode rejection is expressed as a ratio and usually given in dB. 
(CMR = 20 log CMRR 120dB of common-mode rejection.) 
(CMRR = 10^) means that a lOV common-mode voltage is 
processed as though it were an additive differential input signal 
of 10|xV magnitude. 

Common-Mode Voltage: A voltage that appears in common at 
both input terminals of a device, with respect to its ground. 

Conversion Rate: The frequency at which readings may be pro- 
cessed by the DPM. Specifications are typically given for internally 
clocked rates and maximum permissible externally-triggered 
rates. 

Conversion Time: The maximum time required for a DPM to 
complete a reading cycle, specified for the full-scale reading. 

Dual-Slope Conversion: An integrating A/D conversion technique 
in which the unknown signal is converted to a proportional time 
interval, which is then measured digitally. This is done by inte- 
grating the unknown for a predetermined time. 
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Then a reference input is switched to the integrator, and integrates 
"down" from the level determined by the unknown, until a 
"zero" level is reached. The time for the second integration 
process is proportional to the average of the unknown signal 
level over the predetermined integrating period. 

Input Impedance: The complex ratio of signal voltage to signal 
current at the input terminals. For dc measuring DPMs, the 
input is measured at dc. For ac measuring DPAls, it is expressed 
as a dc resistance shunted by a specified capacitance. 

Linearity: The conventional definition for nonlinearity of a DPM 
is the deviation from a "best" straight line which has been fitted 
to a calibration curve. Analog Devices defines nonlinearity as 
the deviation from a straight line drawn between the zero and 
full-scale end points. Not only is this an easier method for customer 
calibration, it is also a more conservative method of specifying 
nonlinearity. 




Normal-Mode Rejection: Filtering or integrating the input signal 
improves noise rejection of undesired signals present at the 
analog high input. Normal-mode rejection is expressed as the 
ratio of the actual value of the undesired signal to its measured 
value over a specified frequency range. (NMR (dB) = 20 log 
NMRR, e.g. NMR = 40dB means an attenuation of 100:1.) 

Overload: An input voltage exceeding the full-scale range of the 
DPM produces an overload condition. An overload condition is 
usually indicated by conspicuous manipulation of the display 
such as all dashes, flashing zeros, etc. On a 3 1/2 digit DPM 
with a range of 199. 9mV, a ^200mV, signal will produce an 
overload condition. 



Overrange: An input signal that exceeds all nines on a DPM, 
but is less than an overload. On a 3 1/2 digit DPM with a full-scale 
range of 199.9mV, the all-nines range is 0-99.9mV, and signals 
from 1 00- 199. 9m V are said to fall in the 100% overrange region. 
Some DPMs have higher overrange capability. A 3 3/4 digit 
DPM has a full-scale range of 3.999 or 300% overrange. 

Overvoltage Protection: The input section of the DPM must 
provide protection from large overloads. Specifications are given 
for sustained dc voltages that can be tolerated. 

Parallel BCD: A data output format where all digital outputs 
are available simultaneously. 

Range (Temperature Operating): The range of temperatures 
over which the DP^ will meet or exceed its performance 
specifications. ^, 

Range (Full Scale): The range of input signals that can be measured 
by a DPM before reaching an overload condition. A 3 1/2 digit 
DPM's full-scale range consists of three digits (all-nines range) 
and 100 percent overrange capability. 

Ratiometric: Dual Slope DPMs compare voltage inputs to a 
stable internal reference voltage. In some systems, the voltage 
being measured is a function of another voltage, and accurate 
measurements should be made as the ratio of the two voltages. 
Some DPMs provide inputs for external reference voltages for 
ratiometric measurements. 

Resolution: The smallest voltage increment that can be measured 
by a DPM. It is a function of the full-scale range and number 
of digits of a DPM. For example, if a 3 1/2 digit DPM has a 
resolution of 1 part in 2000 (0.05%) over a full-scale range of 
199.9mV, the DPM can resolve O.lmV. 



Digits Counts (F.S.) Resolution (%F.S.) 

2 1/2 199 0.5% 

3 999 0.1% 

3 1/2 1999 0.05% 

3 3/4 3999 0.025% 

4 9999 0.01% 
4 1/2 19999 0.005% 
43/4 39999 0.0025% 



Temperature Coefficient: The additive error term (ppm/°C or % 
Reading/°C) caused by effects of variations in operating temper- 
ature on the electronic characteristics of the DPM. 

Unipolar Input DPM: A DPM designed to measure input voltages 
of only one polarity. 
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ANALOG 
DEVICES 



Low-Cost, 3 1/2 Digit 
DPM for OEM Applications 



AD2010 



FEATURES 

LED Display with Latched Digital Outputs 

Small Size, Lightweight 

Automatic Zero Correction; Max Error: 0.05% ±1 Digit 

High Normal Mode Rejection: 40dB @ 50 or 60Hz 

Optional Ratiometric Operation 

Leading "0" Display Blanking 

5V dc Powered 

APPLICATIONS 

Medical/Scientific/Analytic I nstruments 
Data Acquisition Systems 
Industrial Weighing Systems 
Readouts in Engineering Units 
Digital Thermometers 



AD2010 FUNCTIONAL BLOCK DIAGRAM 
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POLARITY SIGNAL 
OVERLOAD SIGNAL 
OVERRANGE SIGNAL 
STATUS SIGNAL 



GENERAL DESCRIPTION 

Analog Devices' model AD2010 represents an advance in price/ 
performance capabilities of ZVi digit digital panel meters. The 
AD2010 offers 0.05% ±1 digit maximum error with bipolar, 
single ended input, resolution of lOOjLiV, and a common mode 
rejection ratio of 60dB (CMRR) at ±200mV (CMV). 

The AD2010 features a light-emitting-diode (LED) display 
with a full scale range of to ±199.9 millivolts, latched digital 
data outputs and control interface signals, and leading zero dis- 
play blanking. Automatic-zero correction circuitry measures 
and compensates for offset and offset drift errors, thereby 
providing virtually no error. Another useful feature of the 
AD2010 is its 5V dc operation. The AD2010 can operate from 
the users' 5V dc system supply, thereby eliminating the shield- 
ing and decoupling needed for line powered units when the ac 
line must be routed near signal leads. 

To satisfy most application requirements, the conversion rate 
of the AD2010 is normally 4 readings per second. However, an 
external trigger may be applied to vary the sampling rates from 
a maximum of 24 readings per second down to an indefinite 
hold time. The AD2010 can also be connected for automatic 
conversion at its maximum conversion rate. During conversion, 
the previous reading is held by the latched logic. The numeric 



readout is available as BCD data. Application of the metering 
system in a computer or data logging system is made easy with 
the availability of the "overrange," "polarity," ''overload," 
and "status" signals. 

A simplified block diagram of the AD2010, illustrating the 
features described above is shown in Figure 1 . 

IMPROVED NOISE IMMUNITY, ACCURACY AND 
ZERO STABILITY 

Dual-slope integration, as used in the AD2010 and as described 
in the theory of operation section, offers several design benefits. 

• Conversion accuracy, for example, is independent of both 
the timing capacitor value and the clock frequency, since 
they affect both the up ramip and down ramp integration 
in the same ratio. 

• Normal mode noise at line frequencies or its harmonics is 
rejected since the average value of this noise is zero over the 
integration period. 

• To achieve zero stability, a time interval during each conver- 
sion is provided to allow the automatic-zero correction cir- 
cuitry to measure and compensate for offset and offset drift 
errors, thereby, providing virtually no zero error. 



For detailed information, contact factory. 
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SPECIFICATIONS 



(typical @+25°C and +5VDC unless otherwise noted) 



DISPLAY OUTPUT 

• Display consists of four LED's ( 0.2?" (6.9mm) high), 
for data digits plus 100% overrange and polarity 
indication. 

• Overload — three data digits display zeros 
and flashes. 

• Decimal Points — selectable at input connector. 

• Leading "0" Display Blanking — controlled externally. 

INPUT 

• Full Scale Range - to ±199.9 millivolts 

• Automatic Zero 

• Automatic Polarity 

• Bias Current — 3nA 

• DC Impedance - 100MI2 

• Overvoltage Protection — 20V sustained, 50V momentary 
without damage. 

• Decimal Points (3) - illuminate with logic "1", extin- 
guish with logic "0". 

ACCURACY 

• Maximum Error — 0.05% of reading ±1 digit 

• Resolution — 0.1 millivolt 

• Temperature Range — to +50°C operating 

-30°C to +85°C storage 

• Temperature Coefficient - ±50ppm/°C 

NORMAL MODE REJECTION 

• 40dB@60Hz 

COMMON MODE REJECTION 

• 60dB@±200mV 

CONVERSION RATE 

• External Trigger — up to 24 conversions per second 

• Internal Trigger — 4 conversions per second 

• Automatic — A new conversion is initiated automatically 
upon completion of conversion in process; conversion 
rate will vary from 24/sec to 40/sec depending on input 
magnitude. 

• Hold and Read upon command. 

CONVERSION TIME 

• Normal Conversion — 42ms max (full scale input) 

• Overload Conversion — 62ms max 

INTERFACE SIGNALS 



DTL/TTL Compatible 



IN 



OUT 
logic "0" <0.8V <0.4V 
logic "1" >2.0V >2.4V 
• Inputs 

External Trigger — Operation in the "External Trigger" 
mode requires that the "External Hold" input be a logic 
"0" or ground. 

Negative Trigger Pulses — Applying a logical "low" to 
the "HOLD" input disables the internal trigger. A 
negative trigger pulse (logic "1" to logic "0") of 
l.OAis minimum applied to the "EXT TRIGGER" in- 
put will initiate conversion in the same manner as the 
internal oscillator. The external trigger should not be 
repeated, however, until the "status" indicates com- 
pletion of the conversion in process. 
Positive Trigger Pulses — The "HOLD" input can be 
used to trigger the AD2010 from a "normally low" 
signal with the "EXT TRIGGER" input open or logic "1". 
Following a "hold" a new reading will be initiated on the 
leading edge of the "hold" signal. Thus, a momentary 
positive pulse on the "HOLD" input can be used to 
trigger the AD2010. The drift correct interval, how- 
ever, begins on the trailing edge of the positive pulse, 
so if the pulse width exceeds 1ms, the conversion will 
actually be initiated by the internal trigger. 

Specifications subject to change without notice. 



Maximum Conversion Rate - Automatic — The AD2010 
can also be connected for automatic conversion at its 
maximum conversion rate by connecting the "status" 
output back into the "hold" input. In this manner the 
status signal going high at the end of one conversion 
immediately initiates a new conversion. The pulses 
appearing on the status line can be used to step a 
multiplexer directly, since the built-in drift-correct 
delay of 8.33ms will allow settling of the input prior 
to conversion. A logic "0" applied to the "EXT TRIGGER" 
will inhibit the automatic trigger mode. , 

External Hold - Logic "0" or ground applied to this in- 
put disables the internal trigger and the last conversion is 
held and displayed. For a new conversion under internal 
control the input must be opened or at logic "1". For a 
new conversion under external control, a positive pulse 
of less than 1 .0ms can be applied (as previously explained). 

OUTPUTS 

• 3 BCD Digits (8421 Positive True) - latched - 3TTL loads 

• Overrange - logic "1" - latched - 6TTL loads, indicates 

overrange. 

• Overload - logic "0" indicates overload (>199.9mV) 

logic "1" - latched - 6TTL loads, indicates 
data valid. 

• Polarity - logic "1" - latched - 6TTL loads, indicates 

positive polarity input. 

• Status - logic "0" - conversion in process 

logic "1" - latched - 6TTL loads, indicates con- 
version complete. 

POWER 

• +5V dc ±5%, 500mA 

WARM UP 

• Essentially none to specified accuracy 

ADJUSTMENTS 

• Range potentiometer for full scale calibration. Calibra- 
tion recommended every six months. 

SIZE 

• 3"W X 1.8"H X 0.84"D (76.2 x 45.7 x 21.3mm) (overall 
depth for case and printed circuit board extension is 
1.40" (35.6mm)). 

ORDERING GUIDE 

• AD2010 - Standard AD2010 as described above - tuned 
for peak normal mode rejection at 60Hz and its 
harmonics. 

WEIGHT 

• 4oz. (113.5gm) 

OVERALL DIMENSIONS 

All dimensions are given in inches and (mm). 



141 
(35 8) 
MAX 



^ 



PIN "S" 

30 (7 62) MIN 



- 3 020 (76 7) MAX - 
-3 420 (86 9) MAX - 



840 (21 3) MAX 

L 



155 (3 94) MAX 




- NORMAL MODE 
ADJUSTMENT 
(AD2010R ONLY) 



GAIN ADJUSTMENT 
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ANALjOG 
DEVICES 



Low-Cost, 3 1/2 Digit 
Logic Powered DPM with LED Displays 



AD2021 



FEATURES 

"Second Generation" MOS-LSI Design 

Large 0.5" (13mm) LED Displays 

+5VDC Logic Powered 

±1.999V, ±199.9mV or ±19.99V Full Scale Ranges 

Limited Differential Input 

Low Power Consumption: 2.0 Watts 

Small Size, Industry Standard Case Design 

APPLICATIONS 

General Purpose Logic Powered DPM Applications 

Portable Applications Requiring Low Power Consumption 

GENERAL DESCRIPTION 

The AD2021 is a low cost, 3V2 digit, +5V dc logic powered 
digital panel meter with large LED displays. While designed for 
general purpose DPM applications, the small size, light weight 
and low power consumption of the AD202 1 make it an ideal 
digital readout for modern, compact instrument designs. 

THE BENEFITS OF "SECOND GENERATION" DESIGN 

The AD2021 is designed around MOS-LSI (Metal-Oxide-Semi- 
conductor, Large Scale Integration) integrated circuits, which 
greatly reduce the number of components, and thereby the 
size, and reduce power consumption to 2.0 watts. Both the 
lower power consumption and fewer interconnections between 
components promise greatly increased reliability, and the cir- 
cuit design maintains the performance and features of earlier 
DPMs. Large 0.5 inch (13mm) LED displays offer the visual 
appeal of gas discharge displays with the ruggedness and life- 
time of all solid state devices. 

EXCELLENT PERFORMANCE AND EASY APPLICATION 

The AD2021 measures input voltage over a full scale range of 
±1.999V dc or ±199,9mV dc ("S" option) with an accuracy 
of ±0.05% reading ±0.025% full scale ±1 digit. Using the 
"limited differential" input first used on Analog Devices' 
AD2010, the AD2021 prevents ground loop problems and 
provides 35 to 50dB of common mode rejection at common 
mode voltages up to ±200mV. Normal mode rejection is 
40dB at 50Hz to 60Hz. 

BCD data outputs are provided in a bit parallel, character serial 
format compatible to CMOS logic systems. For those applica- 
tions requiring parallel BCD data, schemes for making the ser- 
ial to parallel conversion are available. Controls to hold readings, 
select decimal points and blank the display are provided. 

DESIGNED AND BUILT FOR RELIABILITY 

The AD2021 is packaged in Analog Devices' logic powered 
DPM case size, only 1.25 inches (32mm) deep. The small size 
of this DPM makes it easy to accommodate in any instrument 
design, and since several other manufacturers now use the same 
panel cutout for logic powered DPMs, this industry standard- 
ization allows. mechanical second sourcing. In addition, the 



For detailed information, contact factory. 
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AD2021 uses the same pin connections as the AD2010 (except 
in BCD outputs, of course) as a convenience to allow updating 
designs to take advantage of the second generation design and 
larger display of the AD2021. Each AD2021 receives a full 
one week failure free burn-in before shipment. 
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Figure 1. AD2021 Bit Parallel Character Serial to Full Parallel 
Data Conversion. AD2021 Pin Connections are Shown in 
Parentheses. 
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SPECIFICATIONS 



(typical at +25°C and nominal power supply voltage) 



DISPLAY OUTPUT 

• Light emitting diode, planar seven segment display read- 
outs, 0.5 (13mm) high for three data digits, 100% over- 
range and negative polarity indication. Overload indicated 
by flashing display, polarity remains valid. 

• Decimal points selectable at input connector. 

• Display blanking on three data digits (does not affect 
overrange digit, polarity sign of decimal points). 

ANALOG INPUT 

Configuration: bipolar, limited differential 

Full Scale Range: ±1.999V or ±199.9mV (**S" option) 

±19.99V C'V" option) 

Automatic Polarity 

Auto Zero 

Input Impedance: lOOMfi (IM^ - "V" option) 

• Bias Current: 50pA 

• Overvoltage Protection: ±50V dc, sustained 

ACCURACY 

• ±0.05% reading ±0.025% full scale ±1 digit^ 

• Resolution: ImV, lOmV C'V" option) or lOOjuV 
("S" option) 

• Temperature Range^ : to +50°C operating; -25°C to 
+85°C storage 

• Temperature Coefficient: Gain: 50ppm/°C 

Zero: auto zero 

• Warm-Up Time to Rated Accuracy: less than one minute 

• Settling Time to Rated Accuracy: 0.4 second 

NORMAL MODE REJECTION 

• 40dB at 50-60HZ 

COMMON MODE REJECTION 

• AD2021: 35dB (dc -lOkHz) 

• AD2021/S: 50dB(dc-10kHz) 

• AD2021/V: 15dB (dc-lOkHz) 
COMMON MODE VOLTAGE 

• ±200mV 

CONVERSION RATE 

• 5 conversions per second 

• Hold and read on command 

CONTROL INPUTS 

• Display Blanking : (TTL, DTL compatible, 2 TTL loads). 
Logic "0" or grounding blanks the three data digits only, 
not the decimal points, overrange digit (if on) and polar- 
ity sign. Logic "1" or open circuit for normal operation. 
Display blanking has no effect on output data and the 
display reading is valid immediately upon removal of a 
blanking signal. 

• Hold : (CMOS, DTL, TTL compatible, ILP TTL load). 
Logic "0" or grounding causes the DPM to cease conver- 
sions and display the data from the last conversion. Logic 
"1" or open circuit for normal operation. After the 
"Hold" input is removed, one to two conversions are 
needed before the reading is valid. 

• Decimal Points : Grounding or Logic "0" will illuminate 
the desired decimal point. External drive circuitry must 
sink 35mA peak at a 25% duty cycle when the decimal 
points are illuminated. 



DATA OUTPUTS (See Application Section for details on 
data outputs) 

• BCD Data Outputs: (CMOS, LP TTL or LP Schottky 
compatible), bit parallel, character serial format. 

• Digit Strobe Outputs: (CMOS, DTL, TTL compatible, 
one TTL load). Logic "1" on any of these lines indicates 
the output data is valid for that digit. 

• Polarity Output: (CMOS, TTL, DTL compatible, one 
TTL load). Logic "1" indicates positive polarity input, 
logic "0" indicates negative polarity. 

• Status: (CMOS or LP TTL compatible). When this signal 
is at Logic "1", the output data is valid. 

• Clock: (CMOS, DTL, TTL compatible, one TTL load). 
The clock signal is brought out to facilitate conversion 
from character serial to parallel data. 

• INTERFACING DATA OUTPUTS . The BCD data outputs 
are in a bit parallel, character serial format. Th^re are four' 
BCD bit outputs (1, 2, 4, 8) and four digit outputs (10°, 10* 
10^ , 10^ ). The BCD digits are gated onto the output lines 
sequentially, and the BCD bits are valid for the digit whose 
digit line is high. The data is valid except when being updated 
which occurs within 2 milliseconds after the status line 
goes low. 

REFERENCE OUTPUT 

• A 6.4V ±5% analog reference output is made available. 
This reference should be buffered and filtered if use in 
external circuitry is desired. 

POWER INPUT 

• +5V dc ±5%, 1.45 watts 

CALIBRATION ADJUSTMENTS (See Application Section for 
calibration instructions) 

• Gain 

• Zero 

• Recommended recalibration interval: six months 

SIZE 

• 3"W X 1.8"h X 1.33"D (76 x 46 x 34mm) 

• 1.90" (48mm) overall depth to rear of card edge connector. 

• Panel cutout required: 3.175" x 1.81 0" (80.65 x 45.97mm). 

WEIGHT 

• 4 ounces, (115 grams) 

OPTIONS - ORDERING GUIDE 

• Input Voltage Range: AD2021 - 1.999V dc Full Scale 

AD2021/S - 199.9mV dc Full Scale 
AD2021/V - 19.99V dc Full Scale 
CONNECTOR 

• 30 pin, 0.156 spacing card edge connector. Viking 
2VK15D/1-2 or equivalent. 

• Optional: Order AC1501 

NOTES 

' Guaranteed at 25°C and nominal supply voltage 

^ Guaranteed 

Specifications subject to change without notice. 
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ANALOG 
DEVICES 



Low-Cost, 3 Digit 
AC Line or Logic Powered DPiVI 




FEATURES 

Third Generation I^L LSI Design 

Either Line Powered or Logic Powered 

Large 0.56" Red Orange LEDs 

Balanced Differential Input/Floating 

1000V, CMV 

Terminal Block Interface (ac Version) 

High Reliability: > 250,000 Hour MTBF 

Small Size and Weight 

Low Cost 



GENERAL DESCRIPTION 

The AD2026 is specifically designed to provide a digital alter- 
native to analog panel meters. The AD2026 is available either 
logic powered (+5V dc) or ac line powered. Most of the 
analog and digital circuitry is implemented on a single I^L 
LSI chip, the AD2020. Only 13 additional components are re- 
quired to complete the AD2026 +5V dc version. The entire 
dc version is mounted on a single 3" X 1 5/8 ' PCB. AC line 
power is achieved with the addition of a second PCB contain- 
ing the ac power transformer and power supply circuitry. 

The AD2026, on both the ac line and logic powered versions, 
offers as a standard feature, 0.56" high LED Displays. Brightness 
is enhanced on both versions due to the Red Orange lens. In ad- 
dition to the Red Orange lens, the AD2026 is also available 
with a dark red lens for applications where maximum bright- 
ness is not required and minimum backlighting is desired. 

A unique patented case design utilizes molded-in fingers, both 
to capture the PCB in the case and to provide snap-in mount- 
ing of the DPM in a standard panel cutout. No mounting hard- 
ware of any kind is used. The dc version occupies less than 1 
of space behind the panel. The hne powered version offers the 
same mounting features but occupies 2 1/2 of behind-panel 
space. 

EXCELLENT PERFORMANCE 

The AD2026 offers the instrument designer digital accuracy, 
resolution and use of readout while occupying less space than 
its analog counterpart. Other features of analog meters such as 
reliability and instantaneous response are retained in the 
AD2026. 

The AD2026 measures and displays inputs from -99mV to 
+999mV, with an accuracy of 0.1% of reading ±1 digit. Zero 
shift is less than one bit over the full operating temperature 
range, resulting in the same performance as a DPM with auto 
zero. The balanced differential input of the dc powered 
AD2026 rejects common mode voltages up to 200mV, enough 
to eliminate most ground loop problems. The floating differ- 
ential input inherent in the ac line powered version offers 
lOOOV of common mode voltage rejection. 

♦Covered by patent numbers: 4,092,698; 29,992; 3,872,466; 
and 3,887,863. 




Optional lO.OV full scale (F.S.) range is available on the ac 
line version that will accept inputs from -0.99V to 9.99V. 

WIRING CONNECTIONS 

For Balanced Differential operation with the AD 2026 dc ver- 
sion, connect input as shown in Figure 1. The common mode 
loop must provide a return path for the bias currents internal 
to the AD2026. The resistance of this path must be less than 
lOOk^ and total common mode voltages must not exceed 
200mV. 

For applications where attenuation is required, scaling re- 
sistors can be connected between pins 6 and 7 and between 
pins F and H. Pin 5 must be used as the High Analog Input 
when scaling resistors are used and pin 4 when they are not. 
Pin E is the Analog Low Input. 




Figure 1. 

Connection to the ac line powered AD2026 is via the terminal 
strip on the rear. AC line power is connected to terminals 4 
and 5 and the signal input is connected to terminal 1 (An- 
alog HI) and 2 (Analog Ground). 
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SPECIHCATIONS 



(typical at +25°C and nominal supply voltage unless otherwise noted) 



DISPLAY OUTPUT 

• Light emitting diode, planar seven segment display readouts, 0.56" ( 14.6mm) 
high (orange) 

• Overload Indication-. EEE 

• Negative Indication-. -XX 

• Negative Overload Indication- 

• Decimal Points: three (3) selectable at input connector (dc version), internally 
on ac version 

ANALOG INPUT 

• Configuration-, balanced differential input (dc version) single ended isolated 
(ac version) 

• Full Scale Range. -99mV to +999mV 

-0.99V to -t-9.99V (lOV option on ac version) 

• Automatic Polarity 

• Input Impedance: lOOMfl. lOOkJl (lOV ont?on) 

• Bias Current. lOOnA 

• Ovcrvoltage Production- ±15V dc, sustained 
ACCURACY 

• ±0.1% ±1 digit* 

• Resolution ImV or lOmV 

• Temperature Range^ -10°C to +60°C operating, -25°C to +80°C storage 

• Temperature Coefficient Gam 50ppm/°C 

Zero 10/uV/°C (essentially auto zero) 

• Warm-Up Time to Rated Accuracy Instantaneous 

• Settling Time to Rated Accuracy. 0.3 second for full input voltage 
swing (dc version), 0.75 second for full input voltage swing (ac version) 

COMMON MODE REJECTION (IkH source imbalance, dc to IkHz) 

• 50dB, ±200mV common mode voltage (dc version) 

• 116dB (96dB on lOV range), lOOOV rms max CMV (ac version) 

NORMAL MODE REJECTION 

• 30dB at 50-60HZ (ac version) 
CONVERSION RATE 

• 4 conversions per second 

• Hold and read on command (dc version only) 
CONTROL INPUTS 

Display Blanking/Display Power Input, (dc version only) The display of the 
AD2026 can be blanked by removal of power to the display power input, with 
no effect on conversion circuitry. If external logic switching is used, the display 
requires 110mA peak (85mA average) when illuminated. 

Hold (dc version only) When the Hold input is at Logic "0", grounded or open 
circuit, the AD2026 will convert at 4 conversions per second. If a voltage of 
0.6V to 2.4V is applied to this input, the DPM will stop converting and hold the 
last reading. A 12kI2 resistor m series with this input to +5V will provide the 
proper voltage input. (Conlsult factory for "HOLD" on ac version.) 
DECIMAL POINT 

• To illuminate decimal points on dc version, ground appropriate pin 
(A, Bor3). 

• To illuminate decimal points on ac version, remove shroud and bridge 
appropriate solder pad (A, B or 3). 



POWER INPUT LOGIC POWER^ 

• Converter. +5V ±5%, 0.2 watts typ, 0.33 watts max 

• Display: +5V ±40%, 0.45 watts typ, 0.75 watts max 
POWER INPUT AC LINE POWER 

• AC line, 50-60HZ, 1.5 watts 

CALIBRATION ADJUSTMENTS 

• Gain 

• Zero 

• Recommended recalibration interval six months 



SIZE'* 



3.43 W X 2.0 H X 0.85' D (87 X 52 X 22mm) 
0.88" (22mm) overall depth to rear of connector 

"X 1.810 ±0.015" 



• Panel cutout required 3.175 ±0.015 
(80.63 ±0.38 X 45.97 x0.58mm^ 

WEIGHT 

• 1.8 ounces (53 grams) (dc version) 

• 7 ounces (198 grams) (ac version) 
CONNECTIONS 

A 10-pin T&B/Ansley 609-lOOOM with two feet of 10 conductor ribbon 
cable IS available. Order AC2618 (dc version, only). 
Conductor to pin A is color coded. Sequence of ribbon connecDons is 
A, 1,B, 2,C, 3, etc. 



The AD2026 ac version is complete with terminal strip for easy interface 



ORDERING GUIDE 
AD2026 
Power Input 

+5Vdc 

90-1 29V ac 

198-264V ac 
Full Scale Input^ 

IV dc Full Scale 

lOV dc Full Scale 
Lens^ 

Red Lens 

Red Orange Lens 






,T 



NOTES 

'Guaranteed at +25°C and nominal supply voltage. 
^Guaranteed. 

^ When the same power supply is used to power both display and c 
0.65 watts typical, 0.9 watts max is required. 

* Dimensions for ac line powered version 3 43"W X 2.0"H X 2 44"D (87mm X 52mm X 
63mm) 

'No Charge Options 

* lOV dc full scale option is available on ac power only 
Specifications subject to change without notice. 



OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
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PANEL THICKNESS 0625 TO 125 (1 6) TO (3 2) 



PIN CONNECTIONS 
AC VERSION DC VERSION 



PIN 


FUNCTION 


1 


Input 




A^alo, Ground 




NC^ 




AC HI 




ACLO 



PIN 


FUNCTION 




+5V Power 


2 


+5V Display Power 


3 


Decimal Point XXX 


* 


Input (When Scaling 




Input (When Scaling 
Resistors Are Used) 


6* 


Series Arm of Scaling 


7* 


Series Arm of Scaling 
Resistor Divider 



PIN 


FUNCTION 


A 


Decimal Point XX X 


B 


Decimal Point XXX 


c 


Power Ground 


D 


Hold 


E 


Analog Ground 




Shunt Arm of Scaling 
Resistor Divider 


H* 


Shunt Arm of Scaling 
Resistor Divider 
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ANALOG 
DEVICES 



Microprocessor-Based 
Thermocouple Meters 



AD2050/AD2051 



FEATURES 

Automatic Self-Calibration for Gain, Offset, Cold Junction 

Compensation and Thermocouple Linearization 
J, K, T, E, R, S Thermocouple Selections (AD2050) 

Universal Meter (AD2051), User Programmable 
Character Serial ASCII Digital Output 
Optional Linearized Analog Output: ImV/degree 
Optional Isolated 20mA Loop/TTL Serial Outputs 
Meets DIN/NEMA Dimension Specifications 
Temperature Ranges: -265°Fto +1999T 
-165Xto +1760X 
Power Options: 120V ac, 240V ac, +7.5V dc to -I-28V dc 

APPLICATIONS 

Temperature Monitoring in Laboratory, Manufacturing, 

and Quality Control Environments 
Process Control Temperature Measurements 
Remote Data Logging 

GENERAL DESCRIPTION 

The AD2050 and AD2051 are high performance single channel 
Vh digit thermocouple meters that can measure temperatures 
accurately between - 265 and + 1999 in degrees Celsius or 
Fahrenheit. The AD2050 is supplied factory programmed to 
interface directly with any of the following six thermocouple 
types: J, K, T, E, R and S. The AD2051 is a universal instrument 
in which the user selects one of the six thermocouple types via 
switch programming. Being microprocessor based, all gain and 
offset error correction, cold junction compensation, thermocouple 
linearization, and °C/°F scaling are automatically performed in 
firmware. 

The AD2050 and AD2051 display temperature information on 
large 0.56" (14.3mm) high LEDs. Digital information is provided 
in standard ASCII character serial format with rate selection for 
easy interface to printers, terminals, and other peripherals. For 
remote data acquisition applications, an optional isolated 20mA 




serial loop/TTL compatible interface is available. Also an optional 
analog output linearized to ImV/degree is provided for driving 
recorders and other analog instruments. Selection of °C or °F 
scaling is accessed by removing the front panel lens and setting 
the selector switch to its proper position. 

The AD2050 and AD2051 can also be ordered with any of the 
following power versions: 120V ac, 240V ac, or +7.5V dc to 
+ 28V dc. Input overvoltage protection for 300V peak (ther- 
mocouple to ac line shorts) and common mode voltages as high 
as 1400V peak (ac version) with overrange and open thermocouple 
detection are provided. These instruments are rated for operation 
over the + 10°C to + 40°C temperature range. Testing is performed 
per MIL-STD-202E Method 103B to insure specified operation 
over various relative humidity conditions. The AD2050 and 
AD2051 are supplied in rugged high impact plastic cases that 
meet DIN/NEMA standard dimensions. 
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For detailed information, contact fa<itory . 
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SPECIFICATIONS 



(typical @ + 25°C and rated supply voltages unless otherwise specified) 



THERMOCOUPLE INPUTS 

• Thermocouple Types: J, K, T, E, S, R 

• Input Impedance: > lOOMft 

• External (Lead) Resistance Effect: <20|jlV per 350n of Lead 
Resistance 

• Cold Junction Compensation Error: ±0.5°Cmax(+ 10°C to 
+ 40°C) 

• Open Thermocouple: + EEE Display; + EEEE ASCII 
Digital Output; + 2 .048V Analog Output 

• Thermocouple Short to ac Line: Internal Protection Provided 
to 300V peak (200V acrms) 

• Common Mode Voltage: 1400V peak (dc or ac), between 
Input and Power Line Ground (ac Versions) 

• Common Mode Rejection Ratio: >130dB with 2500 Source 
Imbalance (ac Versions); (dc to 60Hz) 

• Normal Mode Rejection Ratio: >80dB @ 50/60Hz 
DIGITAL OUTPUTS 

• Character Serial ASCII 

Data: Nine transmitted characters, (each 7 bits plus strobe) 
Drive C apability: 2TTL loads, CMOS/TTL compatible 
Strobe: Negative transition determines when character serial 
data is valid. CMOS/TTL compatible. 
Character Rate: Selectable on PI (pin 32) 
Grounded: 25 characters/sec. (SLOW) 
Open: 100 characters/sec. (FAST) 

• Isolated Serial Output (Optional) 

Data: Asynchronous ASCII 20mA current loop 
(Optically isolated to ± 600V peak) 
Baud Rate: Selectable on PI (Pin 32) 
Grounded: 300 baud (SLOW) 
Open: 1200 baud (FAST) 
Distance: 10,000 ft. max 

• Serial Output (Nonisolated, Optional) 
Data: Serial ASCII 

Drive Capability: 2TTL Loads, CMOS/TTL compatible 
Baud Rate: (same as Isolated Serial Output) 

• Overrange: ±EEEE 

• Mmimum Time Between New Data Update: 150ms 

DIGITAL INPUTS 

• REQ: Low-Level Triggered: Must go low at any time o ther 
than during data transmission to be recognized. REQ Une 
taken low during data transmission will not be acknowledged 
and the ASCII digital output tra nsmis sion will not occur. Dis- 
play readings are not effected by REQ. 

• SERIAL INPUT (Optional): Edge Triggered, Current On to 
Current Off: Must be triggered at any time other than during 
data transmission to be recognized. Serial Input triggered 
during data transmission will not be acknowledged and the 
20mA isolated/TTL compatible serial output transmission 
will not occur. Display readings are not effected by Serial 
Input. 

ANALOG OUTPUT (OPTIONAL) 

• Voltage: ImV/degree, linearized 

• Current: ± 2mA max drive 

• CMV: 1400V peak (ac or dc) Peak between Analog Output 
Ground & ac Power Line Ground 

• Overrange: +2.048V, -0.512V 

ACCURACY 

• Temperature Resolution: TC/rF 

• All Ranges are Guaranteed Monotonic 

• Range Temperature Coefficient: ± 25ppm/°C typ, ±60ppnQ/ 
°Cmax 

• Readout Accuracy (a'25°C: 
Sensor 

Type Range Accuracy 



T 


-165°Cto760°C 


±0.7°C 


± 1/2LSD 


T 


-265°Ftol400°F 


±1.3''F 


± 1/2LSD 


K 


-50°Ctol250°C 


±0.9°C 


± 1/2LSD 


K 


-58°Ftol999°F 


±1.6°F 


± 1/2LSD 


T 


-150°Cto400°C 


±0.8°C 


± 1/2LSD 


T 


-238Tto752°F 


±1.4°F 


± 1/2LSD 


E 


-100°Cto870°C 


±1.0°C 


± 1/2LSD 


E 


-148°Ftol598°F 


±2.0°F 


± 1/2LSD 


S,R 


+ 300°Ctol760°C 


±1.5°C 


± 1/2LSD 




0°to299°C 


±6.0°C 


± 1/2LSD 


S,R 


+ 572°Ftol999°F 


±3.0°F 


± 1/2LSD 




-h32°Fto571°F 


± 12.0°F 


± 1/2LSD 



• Rate: 2.5 Conversions/Second Typical 

• Input Integration Period: 100ms for 5O/60Hz 
Noise Rejection 

POWER REQUIREMENTS (Choice of Three Supply Ranges) 

• ac: 90V ac to 132V ac @ 25mA (47Hz to 500Hz) 

198V ac to 264V ac @ 12.5mA (47Hz to 500Hz) 

• dc: +7.5V to +28V dc @ 200mA (Protected Against 
Supply Reversals) 

DISPLAY 

• Type: Seven Segment Orange LED 0.56" (14.3mm) high 

• Polarity Indication: " + " or " - " displayed 

• Overrange Indication: ±EEE 

• Display Test: At Power Turn-On, 3 Second Display of 
"+ 1888" Tests all Segments of Display 

ENVIRONMENTAL 

• Rated Temperature Range: + 10°C to +40°C 

• Operating Temperature Range: - 10°C to + 50°C 

• Storage Temperature Range: -40°Cto +85°C 

• Relative Humidity: Meets MIL-STD-202E, Method 103B 

DIMENSIONS 

• Case: 3.78" x 1.89" x 5.13" (96.8mm x 48.9mm x 
131.3mm), high impact molded plastic case. DIN/NEMA 
Standard 

• Weight: 15.2 oz (431 grams) max, ac powered 

12.0 oz (341 grams) max, dc powered, 

RELIABILITY 

• Burn In: 168 Hours at + 50°C and Power ON/OFF Cy- 
cles. 

• Calibration: NBS Traceable 

• Recalibration: Recommended 15-Month Intervals 

• Warranty: 12 months 

CONNECTOR 

One 44 pin 0.1" (2.54mm) spacing card edge connector 
Viking 3VH22/1 JN5 or equivalent 
Optional: Order AC2630 




Rear Panel View 



ORDERING GUIDE 



THERMOCOUPLE TYPE* 
J 

K 
T 
E 
R 
S 
POWER OPTION* 
(l)120Vac f 

(2)240Vac ( 

(3)+7.5Vdcto+28Vdc ' 
ANALOG OUTPUT OPTION 
(A) Contains Analog Output 
(Blank) Does Not Contain Analog Output 
SERIAL OUTPUT OPTION 
(S) Contains Serial Output 
(Blank) Does Not Contain Serial Output 

♦Only one option can be ordered The thermocouple type does i 
when ordering the AD205 1 since it is user programmable 
Specifications subject to change without notice 



AD2051 /_/_/_ 
AD2050 _/_./__/__ 

ii i i\ i\ 



n need to be specified 



ANALOG TO DIGITAL CONVERSION 

• Technique: Offset Dual Slope with Gain and Offset Error 
Correction 
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ANALOG 
DEVICES 



Microprocessor-Based Autoranging 
RTD/Thermocouple Meters 



AD2060/AD2061 



FEATURES 

Temperature Ranges: -328°Fto +1562T 
-ZOOXto +850°C 
Autoranging: O.r from -199.r to +199.9*'; r>200'* 
Sensor Selection (AD2060): RTD 10011 Platinum 

a = 0.00385, 0.00390, 0.00392 or 225211 Thermistor 
Universal Meter (AD2061) Sensor User Programmable 
Switch Selectable Sensor Configuration: 2, 3 or 4-wire 
7-Bit ASCII Character Serial Data Output 
Automatic Self-Calibration for Gain, Offset, Excitation 

and Sensor Linearization 
Optional Linearized Analog Voltage Output: 

ImV/degree 
Optional Isolated 20mA ASCII Loop/TTL Serial Outputs 

APPLICATIONS 

Temperature Monitoring in Laboratory, Manufacturing 

and Quality Control Environments 
Process Control Temperature Measurements 
Remote Data Logging 



GENERAL DESCRIPTION 

The AD2060/AD2061 are high performance single channel BVz 
digit RTD/Thermistor meters that can measure temperature 
accurately between - 328°F and + 1562°F ( - 200X and + 850X). 
Both meters offer autoranging from O.rC/F to 1°C/F. The 
AD2060 is supplied factory programmed for one of four sensor 
types: lOOO Platinum RTDs: a = 0.00385, 0.00390, 0.00392 or 
a 2252ft Thermistor. The AD2061 is a universal meter in which 
the user selects one of the four sensor types via switch program- 
ming. The microprocessor based AD2060/AD2061 provides 
gain, offset and excitation error correction, linearization and °C/ 
°F scaling in firmware. The AD2060/AD2061 display temperature 
information on large 0.56"(14.3mm) high LEDs. Digital infor- 
mation is provided in 7-bit standard ASCII character serial 




format with baud rate selection for easy interface to printers, 
terminals and other peripherals. For remote data acquisition 
apphcations, an optional isolated 2-wire 20mA ASCII serial 
loop/TTL compatible interface is available. For driving recorders 
or other analog instruments, an optional linearized analog voltage 
output of ImV/degree is available. Selection of X or °F scaling 
is accessed by removing the front panel lens and setting the 
selector switch to its proper position. 

The AD2060/AD2061 can be ordered in one of the following 
power versions: 120V ac, 240V ac or +7.5V dc to + 28.0V dc. 
Input voltage protection of 180V peak (RTD short to ac line), 
common-mode voltage to 1400V peak (ac version) with overrange 
and open sensor detection is provided. These meters are rated 
for operation over the to + 40°C temperature range. Each 
AD2060/AD2061 is burned-in for 168 hours @ 50°C with on/off 
power cycles for increased reUabihty.The AD2060/AD2061 are 
suppHed in rugged molded plastic cases that meet UL94V-0 and 
DIN/NEMA standard dimensions. 



AD2060/AD2061 FUNCTIONAL BLOCK DIAGRAM 




For detailed information, contact factory. 
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SPECIFICATIONS 



(typical @ + 25"^ and rated supply voltages unless ottierwise specified) 



RTD INPUTS 

• RTD Types: 100ft Platinum 

a = 0.00385 (Per DIN 43760) 
a = 0.00390 
a = 0.00392 

• Configuration: 2, 3 or 4 Wu-e 

• Excitation Current: 0.25mA nommal 

• External Lead 

Resistance Effect: Automatically Compensated for 3 & 4 wire configurations 

• Lead Resistance: 50n/Lead max; RTD + Lead Resistance must be less than 4000 

• 3 Wire Error: 2.8°C/ft of impedance imbalance 

• Open Sensor: DISPLAY + EEE 

• RTD Short to ac Lme: Internal protection provided to 180V peak (130V rms) 

• Maximum Common-Mode Voltage: 1400V peak (ac or dc) between input and power 
line ground (ac version) 

s Ccmmon-mode Rejection Ratio. lOOuB dc power lu RTD inpui 

• Normal Mode Rejection: 60dB (S) 50/60Hz 

THERMISTOR INPUTS 

• Thermistor Type: Series 400 R = 2252ft 

• Configuration: 2 Wire 

• Open Sensor: DISPLAY -EEE 

ACCURACY 

• Temperature Resolution: Autoranging (0.1° from - 199.9° to + 199.9°, r>200"') 

• All Ranges Guaranteed Monotonic 

• Range Temperature Coefficient: 20ppm/°C typ, 30ppmy°C max 

• Readout Accuracy* @ + 25°C 

Sensor 

100ft RTD a = 0.00385 



100ft RTD a = 0.00392 
100ft RTD a = 0.00390 
Thermistor R = 2252n 



Range 

-200°Cto+850°C 
-328°Fto + 1562°F 
-200°Cto+640°C 
-328°Fto + 1184°F 
-200°Cto+640°C 
-328°Fto+1184°F 
-30°Cto + 100°C 
-22°Fto+212°F 



Accuracy 

±0.3°C±1/2LSD 
±0.6°F±1/2LSD 
±0.3°C±1/2LSD 
±0.6°F±1/2LSD 
±0.3°C±1/2LSD 
±0.6°F±1/2LSD 
±0.4°C±1/2LSD 
±0.8°F±1/2LSD 



^Readout Accuracy: Includes Gain and Offset Errors. Recommended 
Recalibration Interval 15-MONTHS. 



ANALOG TO DIGITAL CONVERSION 

• Technique: Offset Dual Slope with Gain and Offset Error Correction 

• Rate: 2.5 Conversions/Second Typical 

• Input Integration Period: 100ms for 50/60Hz Noise Rejection 

POWER REQUIREMENTS (Choice of Three Supply Ranges) 

• ac: 90V ac to 132V ac @ 25mA (47Hz to 500Hz) 

198V ac to 264V ac @ 12.5mA (47Hz to 500Hz) 

• dc: +7.5V to +28V dc @ 200mA (Protected Against Supply Reversals) 

DISPLAY 

• Type: Seven Segment Orange LED 0.56" (14.3mm) high 

• Polarity Indication: " + " or " - " displayed 

• Overrange Indication: ± EEE 

• Display Test: At Power Turn-On, 3 Second Display of " + 188.8." Tests all 
segments Oi i^ispisy 

ENVIRONMENTAL 

• Rated Temperature Range: to + 40°C 

• Operating Temperature Range: - 10°C to + 50°C 

• Storage Temperature Range: -40°Cto +85°C 

• Relative Humidity: Meets MIL-STD-202E, Method 103B 
(0 to 90%, Noncondensing) 

DIMENSIONS 

• Case: 3.78" x 1.89" x 5.13" (96.8mm x 48.9mm x 131.3mm), rugged molded 
plastic case. Meets UL94V-0 and DIN/NEMA Standard dimensions 

• Weight: 15.2 oz (431 grams) max, ac powered 

12.0 oz (341 grams) max, dc powered. 

RELIABILITY 

• MTBF: >55.,000 hours calculated 

• Bum In: 168 Hours at +50°C and Power ON/OFF Cycles. 

• Calibration: NBS Traceable 

• Recalibration: Recommended 15-Month Intervals 

• Warranty: 12 months 

CONNECTOR 

One 44 pin 0.1" (2.54mm) spacing card edge connector Viking 3VH22/1 JN5 or 

equivalent 

Optional: Order AC2630 



DIGITAL OUTPUTS 

• Character Serial ASCII 

Data: Eleven transmitted characters, (each 7 bits plus strobe) 

Drive C apability: 2TTL loads, CMOS/TTL compatible 

Strobe: Negative transition determines when character serial data is valid. CMOS/TTL 

compatible. 

Character Rate: Selectable on PI (Pm 32) 

Grounded: 25 characters/sec. (SLOW) 

Open: 100 characters/sec. (FAST) 

• Isolated Serial Output (Optional) 

Data: Asynchronous ASCII 20mA current loop (Optically isolated to ± 600V peak) 
Baud Rate: Selectable on Jl (Pin 32) 
Grounded: 300 baud (SLOW) 
Open: 1200 baud (FAST) 
Distance: 10,000 ft. max 

• Nonisolated Serial Output (Optional) 
Data: Serial ASCII 

Drive Capability: 2TTL Loads, CMOS/TTL compatible 
Baud Rate: (same as Isolated Serial Output) 

• Overrange: ±EEE.E 

• Minimum Time Between New Data Update: 150ms 

DIGITAL INPUTS 

• REQ. Low-Level Triggered: Must g o low at any time other than during daia 
transmission to be recognized. REQ lme taken low during data transmission will 
not be acknowledged and the ASCII digital output transmission will not occur. 
Display readings are not effected by REQ. 

• SERIAL INPUT (Optional): Edge Triggered, Current On to Current Off: Must b e 
tnggered at any time other than during data transmission to be recognized. Serial 
Input triggered during data transmission will not be acknowledged and the 20mA 
isolated/TTL comp atible serial output transmission will not occur Display readings 
are not effected by Serial Input. 

ANALOG OUTPUT (OPTIONAL) 

• Voltage: ImV/degree, linearized 

• Current: ± 2mA max drive , 

• CMV: 1400V peak (ac or dc) between Analog Output Ground & ac Power Line 
Ground 

• Overrange: + 2.048V, -0.512V 

• Accuracy: ±2mV from Display Reading 




Rear Panel View 



ORDERING GUIDE 



AD2061 Z_/— /— 

LL/-L 

1 li 11 



J 



SENSOR TYPE* 

(385) 100ft Platinum RTD a = 0.00385 

(390) 100ft Platinum RTD a = 0.00390 

(392) 100ft Platinum RTD a = 0.00392 

(2252) Thermistor R = 2252ft 
POWER OPTION* 

(l)120Vac I 

(2)240Vac | ENTER 

(3)+7.5Vdcto+28Vdc I 
ANALOG OUTPUT OPTION 

(A) Contains Analog Output I enxER- 

(Blank) Does Not Contain Analog Output J 
SERIAL OUTPUT OPTION 

(S)Contains Serial Output I j 

(Blank) Does Not Contain Serial Output | 

♦Only one option can be ordered. The sensor type does not need to be specified 
when ordering the AD2061 since it is user programmable. 

Specifications subject to change without notice. 



ENTER - 
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ANALOG 
DEVICES 



Microprocessor-Based Autoranging 
Thermocouple Meters 



AD2070/AD2071 



FEATURES 

Autoranging (0.1" - V) 

4 1/2 Digit Resolution 

Automatic Self-Calibration for Gain, Offset, Cold 
Junction Compensation and Thermocouple 
Linearization 

J, K, T, E, R, S, C, B, J DIN, and T DIN Thermocouple 
Selection 

Universal Meter (AD2071), User Programmable for all 
Thermocouple Types 

Four Port Isolation: Input, Power, Digital Output 
and Analog Output 

Optional Isolated and Linearized Analog Voltage Out- 
put ImV/Degree 

Optional Isolated 20mA Loop/TTL Serial Data Output 

Optional Isolated RS-232/TTL Serial Data Output 

Heavy Gauge Rugged Metal Case 

GENERAL DESCRIPTION 

The AD2070/AD2071 are high performance, microprocessor 
based, autoranging, single channel thermocouple meters that 
can measure temperature accurately from - 328°F to + 4200°F 
(-200°C to +2315X). The AD2070 is supplied factory pro- 
grammed for any of the following ten thermocouple types: J, K, 
T, E, R, S, C, B, J DIN, and T DIN. The AD2071 is a universal 
meter in which the user selects one of the ten thermocouple 
types via switch programming. Both meters offer autoranging 
from 0.rC/°F to rC/°F. The microprocessor based AD2070/ 
AD2071 provides gain and offset error correction, cold jimction 
compensation, thermocouple linearization and °C/°F scaling in 
firmware. 

The AD2070/AD2071 display temperature information on large 
0.56" (14.3mm) high LEDs. Digital information is provided in 
standard ASCII character serial format with rate selection for 
easy interface to printers. For remote data acquisition applications, 
an optional isolated 20mA serial loop or RS-232 compatible 




interface is available. For driving recorders or other analog 
instruments, an optional isolated and linearized analog voltage 
output of ImV/degree is available. Selection of °C or °F scaling 
is accessed by removing the front panel lens and setting a selector 
switch. 

The AD2070/AD2071 can be ordered in one of the following 
power versions: 120V ac, 240V ac or +7.5V dc to + 28.0V dc. 
Input overvoltage protection rating is 300V peak (thermocouple 
to ac line shorts). The common-mode voltage rating is 1400V 
peak. Overrange and open thermocouple detection are provided 
in all models. Analog output and digital outputs are isolated to 
500V peak from power, input and output sections. Each meter 
is burned-in for 168 hours at 50°C with on/off power cycles for 
increased reliabiUty. These meters are rated for operation over a 
+ lO^'C to +40°C range. The AD2070/AD2071 are suppUed in a 
heavy gauge, rugged metal case that meets DIN/NEMA standard 
dimensions. 



AD2070/AD2071 FUNCTIONAL BLOCK DIAGRAM 




AC OR DC 
INPUT 
POWER 



DIGIT ADDRESS 



♦/ 






CHARACTER 

SERIAL 

ASCII 



► SERIAL OUTPUT 



- SERIAL INPUT 



-•• SERIAL OUTPUT 



OPTIONAL 
20mA 
LOOP 



For detailed infonnation, contact factory. 
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SPECIFICATIONS 



(typical @ + 25t and rated supply voltages unless ottierwise specified) 



THERMOCOUPLE INPUTS 

THERMOCOUPLE TYPES: 

J, K, T, E, R, S, B, C, J DIN and T DIN 
INPUT IMPEDANCE: 

lOOMH 
EXTERNAL LEAD RESISTANCE EFFECT: 

<20|xV per 350n of Lead resistance 
COLD JUNCTION COMPENSATION ERROR: 

±0.3<'C max (+ lO'C to +40°C) 
OPEN THERMOCOUPLE: 

+ EEEE Display; + EEEE.E ASCII DIGITAL OUTPUT: + 3.500V 

ANALOG OUTPUT 
THERMOCOUPLE SHORT TO AC LINE: 

Internal Protection Provided to 300V peak, (200V ac rms) 
COMMON-MODE VOLTAGE: 

1400V peak (dc or ac), Between Input and Power Line Ground 
COMMON-MODE REJECTION RATIO: 

>130dB with 250ft Source Imbalance (dc to 6OH2) 
NORMAL-MODE REJECTION RATIO: 

>80dB @ 50/60HZ 

DIGITAL OUTPUTS 

ISOLATED CHARACTER SERIAL ASCII (Standard) 
DATA: 

Eleven transmitted characters, each 7 bits plus strobe 
DRIVE CAPABILITY: 

2TTL Loads, CMOS/TTL compatible 
OVERRANGE: ± EEEE.E 
STROBE: 

Positive transition determines when character serial data is valid. 

CMOS/TTL compatible. 
ISOLATION: 

500V Between Input, Analog Output and Power Input 
CHARACTER RATE: 

Selectable on PI (Pin 20) 

Grounded: 25 Characters/sec. (SLOW) 

Open: 100 Characters/sec. (FAST) 
ISOLATED SERIAL OUTPUT (Optional) 
DATA: 

Asynchronous ASCII 20mA current loop or RS-232 
BAUD RATE: 

Selectable on PI (Pin 20) 

Grounded: 300 baud (SLOW) 

Open: 1200 baud (FAST) 
OVERRANGE: 

± EEEE.E 
DISTANCE: 

50 ft. (RS-232), 10,000 ft. (20mA loop) 
ISOLATION: 

500V Between Input, Analog Output and Power Input 
ISOLATED SERIAL OUTPUT 
DATA: 

Serial ASCII TTL 
DRIVE CAPABILITY: 

2TTL Loads, CMOS/TTL Compatible 
BAUD RATE: 

(same as above) 
OVERRANGE: 

± EEEE.E 
ISOLATION: 

500V Between Input, Analog Output and Power Input 
MINIMUM TIME BETWEEN NEW DATA UPDATE: 

100ms 

DIGITAL INPUTS 

REQ: LOW-LEVEL TRIGGERED: 

Must go lo w at an y time other than during data transmission to be 
recognized. REQ line taken low during data transmission will not be 
acknowledged and the ASCII digital outpu t transmission will not occur. 
Display readings are not effected by REQ. 



SERIAL INPUT: EDGE TRIGGERED, CURRENT ON TO CURRENT OFF 
Must be tri ggered at any time other than during data transmission to be 
recognized. Serial Input triggered during data transmission will not 
be acknowledged and the isolated 20mA loop/TTL or isolated RS-232/TTL 
compatible serial o utput transm ission will not occur. Display readings 
are not effected by Serial Input. 

ISOLATED ANALOG OUTPUT (OPTIONAL) 

VOLTAGE: 

ImV/degree, Fahrenheit or Celsius linearized 



CURRENT: 

±2mA max 
OVERRANGE: 

+ 3.500V, -0.328V 
ACCURACY: 

± 2mV from Display Reading 
ISOLATION*: 

500V Between Input, Digital Output and Power Input 

ACCURACY 

TEMPERATURE RESOLUTION: 

Autoranging 0.rC/°F - VCrF 
RANGE TEMPERATURE COEFFICIENT: 

20ppm/°C tvp, ±40ppm/°C max (of Reading) 

All Ranges are Guaranteed Monotonic. 



POWER REQUIREMENTS (Choice of Three Supply Ranges) 

ac: 

90V ac to 132V ac @ 25mA (dc to IkHz) 

198V ac to 264V ac @ 12.5mA (dc to IkHz) 
dc: 

+ 7.5V to +28V dc @ 600mA (Protected Against Supply Reversals) 

DISPLAY 

TYPE: 

Seven Segment Orange LED 0.56" (14.3mm) high 
POLARITY INDICATION: 

" + " or " - " displayed 
OVERRANGE INDICATION: 

±EEEE 
DISPLAY TEST: 

At Power Turn-On, 3 Second Display of " + 1888.8." Tests All Segments 

of Display 

DIMENSIONS 

CASE: 

3.78" X 1.89" X 6.75" (96.8nun x 48.0mm x 171.0mm), rugged 

aluminum case. DIN/NEMA Standard. 

0.03 r' + ,8, , _, +0.024,,, + ,6, 

A^«^„(92 'Jmmx 1.771 ^ ^„ J45 'Jmm 
0.000" -,0 -0.000 -,0 



PANEL CUT OUT: 3.622" 
PANEL THICKNESS: 

1/16" (1.5mm) to 3/16" (4.8mm) 
WEIGHT: 

23 oz. (650 grams) typ 



AD2071 /- 
AD207n / / 



> ENTER 



ORDERING GUIDE 

THERMOCOUPLE TYPE* 

J 

K 

T 

E 

R 

S 

C 

B 
JOIN 
TDIN 

POWER OPTION* 

(1) 120V ac 

(2) 240V ac 

(3) +7.5Vdcto +28V 

ANALOG OUTPUT OPTION 

(A) Contains Analog Ouput 

(BLANK) Does Not Contain Analog Output 

SERIAL OUTPUT OPTION* 

(51) Contains RS-232 Serial Output 

(52) Contains 20mA Loop Serial Output 



-/ /- 



^dc J 



ENTER 



-/- 



y ENTER 



} 



ENTER - 



(BLANK) Does Not Contain Serial Output 
Example Order Number: AD2070/J/1/A/S1=AD2070 for J Thermocouple 
Type, 120V ac Power, Analog Voltage Output and 
RS-232 Serial Output. 
*Only one option can be ordered. The thennocouple type does not need to 
be specified when ordering the AD2071 since it is user programmable. 

Specifications subject to change without notice. 
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Application Specific Integrated Circuits 



Analog Devices offers a full spectrum of capabilities in application- 
specific integrated circuits (ASICs). These chip-level systems 
can implement designs with 12-bit accuracy and 16-bit resolution 
that formerly required board-level solutions. 

Analog Devices can incorporate most of the functions of its 
standard monolithic parts in full-custom and semicustom ICs. 
Full-custom parts optimize performance and space requirements, 
while cell-based semicustom parts reduce development time and 
engineering expense. Development costs can be cut further 
by tailoring a generic predefined system-on-a-chip to your 
application. 

Analog's experienced design engineers work with powerful 
computer-aided design tools to design and lay out your circuit. 
Design centers are currently in Massachusetts, California and 
England. 

Multiple locations for fabrication, assembly, and testing ensure 
a ready supply of production parts. Products can be processed 
in full MIL-38510 certified facilities. 

DESIGN EXAMPLES 

Analog Devices has created a variety of customer-specific and 
function-specific ASIC parts. Described here are two examples, 
a custom chip set and a semicustom chip. 



AO75004 QUAD DAC 




Xnm 



an 8-channel multiplexer, programmable-gain ampHfier, sample- 
and-hold, and 12-bit A/D converter with internal voltage 
reference. 

AD75003 DATA ACQUISITION SYSTEM 




Derivative Circuits 

The circuits outlined above can be modified to suit a specific 
customer's application. One such device is a serial-interface 
DAS. The AD75003 design was altered to have programmable 
gains of 1 to 20 instead of 1 to 16, and a serial UART instead of 
an 8-bit parallel interface. In addition to the AD75003 functions, 
this part contains a precision instrumentation amplifier, a pro- 
grammable line-frequency notch filter, a 7-bit trim DAC, and 
a temperature sensor. 

Modem Chip Set 

Library cells can be combined to form macro building blocks 
for high-speed modems. This two-chip design concept filters 
and converts data to interface a digital signal processor with the 
analog circuitry of a 9600-baud modem. On one chip, the received 
signal passes through an anti-aliasing filter, sample-and-hold, 
12-bit A/D converter, 8th-order digital filter and decimation. 
On the other chip, transmit data is 8 x oversampled, then goes 
to an 8th-order filter, a 12-bit DAC and an active reconstruction 
filter. 



CS WR A3 A2A1 AO 



AD75004 Quad DAC 

This circuit contains four separate 12-bit D/A converters with 
amplifiers for voltage output and an on-board reference. Double- 
buffering latches interface with an 8-bit parallel bus and permit 
updating of all four channels individually or simultaneously. 

AD75003 Data Acquisition System 

This DAS converts analog signals on 8 input channels to 12-bit 
values and interfaces via an 8-bit parallel bus. The chip integrates 
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Transversal Filter Element 

This design implements 5 taps of a finite-impulse response 
filter. Each tap comprises an 8-bit DAC and a multiplier, which 
handle signals up to 40MHz. A parallel interface sets the tap 
weights. 



TRANSVERSAL FILTER ELEMENT 




HIGH-PERFORMANCE PROCESSES 

Analog Devices' semicustom and custom circuits are fabricated 
using the same high-performance processes as our standard ICs. 
These technologies include two mixed bipolar-CMOS processes, 
a high-voltage CMOS process, and high-speed and low-power 
bipolar processes. These prpcesses can include thin-film resistors, 
which may be laser trimmed for precise matching and stable 
performance over a wide temperature range. 



T|ie BiMOS II and Linear-Compatible CMOS (LC^MOS) pro- 
cesses combine bipolar and CMOS devices on one chip. Functional 
density is an order of magnitude greater than previous mixed-signal 
processes; over 20,000 devices can be placed on a single chip. 
Bipolar transistors provide low-noise, low-offset input stages and 
high-power output stages. The CMOS devices offer high input 
impedance, and make dense logic and good switches for data 
converters and switched-capacitor filters. LC^MOS also provides 
a JFET for very low input noise. 

The bipolar-CMOS processes operate on supply voltages ranging 
from single +5 volts to spht ± 15V, with signal levels ranging 
from single-ended + 3V to ± lOV. These processes are ideally 
suited for applications in data acquisition, instrumentation, 
industrial automation and telecommunications. 

The High- Voltage Switch (HVS) process provides quality analog 
switches that can operate with supply voltages up to ± 22 volts. 
It can combine switches and multiplexers with CMOS logic. 

The Flash bipolar process makes high-speed linear signal pro- 
cessing, data conversion, and ECL logic functions on one chip. 
Signal levels are ±4 volts with ±5V supplies or + lOV with a 
+ 12V supply. Applications include disk-drive read/write circuitry 
and high-speed telecommunications equipment. 

The Complementary Bipolar (CB) process features high-speed 
PNP and NPN devices for precision, low-power linear applications. 
It also offers low-noise buried-Zener references and dual-gate 
JFETs. CB runs on +5V to ± 15V supplies. 

The table below summarizes the processes available for designing 
ASICs. Other processes in development will offer even higher 
speed, denser logic and higher integration of analog and digital 
functions. 



ANALOG DEVICES HIGH-PERFORMANCE PROCESSES FOR ASICs 



Process 

BiMOS II 
LC^MOS 
HVS 

Flash 
CB 



Power Signal Features 

± 1 2 V it 5 V Wide Variety of Precision Linear and Digital Functions 

+ 5 to ±15 ±3 to ±10 Wide Variety of Precision Linear and Digital Functions 

+ 5 to ± 22 + 2 to ± 18 High- Voltage Switches, iVluxes and Logic Functions 

± 5 or + 12 ±4or + 10 High-Speed Linear and Digital Functions , 

+ 5 to ±15 +2 to ±10 High-Speed, Low-Power Linear Functions 
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CELL LIBRARIES 

Cell libraries for the bipolar-CMOS processes are described 
below. These libraries are growing with the development of new 
processes, macrocells and cells. Many new catalog parts will also 
be available as cells. Your local sales office can give you current 
information on the cell libraries and available generic 
circuits. 

Operational amplifiers are available in bipolar and CMOS con- 
figurations. Representative bipolar opamp cells have performance 
characteristics similar to an AD OP-27 and a slew-enhanced 
AD741. The LC^MOS process offers JFET op amps, including 
an AD544 equivalent. 

Instrumentation amplifiers with performance comparable to the 
AD521 and AD524 are available. Comparators suitable for 12-bit- 
accurate applications are available. Linear comparators have 
response times down to 100 nanoseconds and strobed comparators 
have setup/access times down to 50 nanoseconds. 

Digital-to-analog converters range in resolution from 8 to 14 
bits, and include a cell similar to the AD667. Analog- to-digital 
converters vary from 8 to 12 bits in resolution, and include cells 
equivalent to the AD7572 and AD574. One half-flash ADC cell 
converts to 8-bit accuracy in 500 nanoseconds, and one successive 
approximation-cell converts to 12 bits in 5 microseconds. 

Support cells include sample-and-hold amplifiers with performance 
comparable to the AD585, low- voltage bandgap references com- 
parable to the AD584 and low-noise buried-Zener references. 

RC active filters and programmable switched-capacitor filters 
are available with specifications in these ranges: 

Topology: all classical filter types 

Frequency Range: 200Hz to 20kHz (switched-cap) 

Number of Sections: up to lOth-order (switched-cap) or 

4th-order (RC) 
Signal/Noise and THD: >72dB, compatible with 

12-bit data acquisition. 

Logic cells include gates, counters, registers, PL A, RAM and 
ROM. Interface cells include 8- and 16-bit parallel I/O ports 
and UARTs. 

DESIGN AND LAYOUT 

Analog Devices engineers are available to design your integrated 
circuit, drawing on their years of experience and using powerful 
computer-aided design (CAD) tools. These comprehensive CAD 
tools help design, simulate and lay out the circuit and aid in 
generating test programs. 



The following figure shows the standard design cycle, which 
begins with schematic entry. After logic and initial electrical 
simulation, the designer uses the graphics editor to lay out the 
circuit. Parasitics and other data are extracted from the layout 
and circuit operation is simulated again. Finally, the system 
checks that the layout follows process design rules and matches 
the schematic. 



IC DESIGN WITH 
COMMERCIAL CAD SYSTEM 





SCHEMATIC 
ENTRY 
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J jf DESIGN \._^ 
^^ DATABASE /** 


ELECTRICAL 
SIMULATION 
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X 


LAYOUT VS 
SCHEMATIC 
VERIFICATION 




LAYOUT 
PARAMETER 
EXTRACTION 



In addition to using these commercial CAD tools, Analog Devices 
has developed a proprietary compiler for mixed-signal IC design, 
called JANUS. By integrating all design functions into one 
environment with a common database, JANUS reduces design 
time by an order of magnitude. 



IC DESIGN WITH JANUS 
PROPRIETARY CAD SYSTEM 



AUTOMATIC 

TRIM PROGRAM 

GENERATION 



AUTOMATIC 

TEST PROGRAM 

GENERATION 



DATABASE 



POST-LAYOUT 
SIMULATION 



LAYOUT 
PARAMETER 
EXTRACTION 



AUTOMATIC/ 

INTERACTIVE 

ROUTING 



CIRCUIT 
SIMULATION 












LOGIC 
SIMULATION 








FUNCTIONAL 
SIMULATION 
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AUTOMATIC/ 
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PLACEMENT 
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To speed schematic entry, the designer selects devices, cells and 
macrocells from comprehensive menus. Device generators allow 
the designer to specify devices for maximum performance and 
minimum size. Analog, logic and functional simulators verify 
the performance of individual cells and the overall chip design. 
Placement and routing algorithms complete circuit layouts auto- 
matically, yet allow interaction with the designer to handle 
special cases. When placing devices, JANUS considers thermal 
and electrical matching as well as die area. An expert system 
optimizes routing to minimize interconnect length and number 
of vias. Post-layout simulation comprehends the parasitics of the 
final routing and is more accurate than the initial simulation. 

Future goals for JANUS include automatically generating pro- 
grams for production trim and test of analog/digital ICs. 

TEST AND TRIM 

Analog Devices has over 20 years of experience in testing complex 
circuits and manufactures commercial test systems for precision 
linear ICs. In each fabrication facihty, a computer network 
integrates Analog Devices, Teradyne and LTX test equipment. 
The design, wafer probe and test areas share data on the network 
for statistical analysis and device modeUing. 

All Analog Devices ASICs are tested at the wafer level, and 
most are laser-wafer trimmed to achieve high accuracy. Untrimmed 
thin-film resistors match within 1% to 0. 1%, depending on area. 
Trimmed resistors can match to better than 0.01%. Wafers may 
be laser-drift trimmed with a hot-chuck probe to minimize the 
effects of temperature on accuracy. 

After packaging, all parts are tested to assure that they meet 
guaranteed specifications. Environmental handlers can verify 
parts at multiple temperatures. Burn-in is performed as specified 
by the customer. 

PACKAGING 

Analog Devices ICs are available in most modern package types, 
including high-pin-count and surface-mount varieties. ASICs 
may be assembled in any of Analog Devices' standard packages, 
listed below. This list is constantly expanded and other packages 
may be used if they are suitable for high-performance 
applications. 

Available Packages 

Pin-grid array (PGA): 68 to 144 pins 

Leadless ceramic chip carrier (LCC): 20 to 68 pins 

Plastic leaded chip carrier (PLCC): 20 to 44 pins 

Plastic dual in-line package (DIP): 14 to 64 pins 

Side-brazed DIP: 14 to 64 pins 

Frit-seal DIP (Cerdip): 14 to 28 pins 

Small outline (SO): 14 and 16 pins 



PROGRAM RESPONSIBILITIES AND INTERFACES 

The following chart shows the major phases in developing an 
ASIC, and responsibilities during each phase. The overall de- 
velopment time depends on the complexity of the circuit and on 
how custom the design is. 

Your Analog Devices Sales Engineer is your first interface for 
ASIC development. Your local sales office can provide further 

■1 At-«rilr»n- T^iatriooc' r>iict-rknn/c/arr»Jr>iiot-r»rvi r«or»oKiliti<»e 



PROGRAM RESPONSIBILITIES AND INTERFACES 



CUSTOMER 



JOINT CUSTOMER/ADI ANALOG DEVICES 



GENERATE DESIGN, 

TEST AND 

RELIABILITY 

SPECIFICATIONS 



EXECUTE 
NONDISCLOSURE 

AGREEMENT 
AND CONTRACT 



GENERATE 

DETAILED 

CIRCUIT DESIGN 



REVIEW DESIGN 



REVIEW DESIGN, 

LAYOUT AND TEST 

PROGRAM 



ik 



GENERATE 
TEST PROGRAM 



FABRICATE 
AND ASSEMBLE 
PROTOTYPES 
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Power Supplies 



Modular AC/DC Power Supplies 

GENERAL DESCRIPTION 

Analog Devices offers a broad line of modular ac/dc power 
supplies that provide both OEMs and designers a reliable, easy 
to use, low-cost solution to their power requirements. Models 
are available in PC mountable and chassis mountable designs 
with 5 volt to 15 volt (single, dual, triple) outputs and current 
ratings from 25mA to 3 amps. Since these modular supplies are 
fully encapsulated, no trimming or external component selection 
is necessary; simply mount the unit, connect power and output 
leads, and you're on the air! Most Analog Devices' power supplies 
are available from stock in both large and small quantities with 
substantial discounts being applied to large quantity orders. 

AC/DC POWER SUPPLY FEATURES 

• Current Limit Short Circuit Protection 

• PC Mounted and Chassis Mounted Versions 

• Single (4-5V), Dual (± 12V, ± 15V), and Triple 

( ± 1 5V/ + 5V, ± 1 5V/ + 1 V to + 1 5 V) Output Supplies 

• Current Outputs: 

25mA to 1000mA for Dual and Triple Output Supplies 
250mA to 3000mA for Single Output Supplies 

• Wide Input Voltage Range 

• Low Output Ripple and Noise 

• Excellent Line & Load Regulation Characteristics 

• High Temperature Stability 

• Free-Air Convection Cooling; No External Heat Sink Required 



GENERAL SPECIFICATIONS 

Power Requirements 
Input Voltage Range: 
Frequency: 

Electrical Specifications 
Tempeirature Coefficient: 
Output Voltage Accuracy: 

Breakdown Voltage: 
Isolation Resistance: 
Short Circuit Protection: 



Environmental Requirements 
Operating Temperature 

Range: 
Storage Temperature 

Range: 



105V ac to 125V ac 
50Hzto250Hz 

0.02%/°C 

±2%, max 

See Specification Table 

500V rms, min 

50M(1 

All ac/dc power supplies 

employ current limiting. They 

can withstand substantial 

overload including direct 

short. Prolonged operation 

should be avoided since 

excessive temperature rises 

will occur. 



-25°Cto+7rC 
-25°Cto+85°C 



SPECIFICATIONS - Typical @ + 25°C and 1 1 5 V ac 60Hz unless otherwise noted* 



Type 



Output 

Voltage 

Model Volts 



Output Line Reg. 
Current max 

mA % 



Load Reg. Output 
max Voltage 
% Error max 



Ripple & 

Noise 

mV rms max 



Dimensions 
Inches 







904 


±15 


±50 


0.02 


0.02 


±200mV 
-OmV 


05 


3.5x2 5x0.875 






902 


±15 


±100 


0.02 


0.02 


+ 300mV 
-OmV 


05 


3.5x2 5x1 25 






902-2 


±15 


±100 


0.02 


0.02 


+ 300mV 


05 


3 5x2 5x0.875 




Dual 












-OmV 








Output 


920 


±15 


±200 


0.02 


0.02 


+ 300mV 
nr„v 


0.5 


3 5x2.5x1.25 



925 
921 



±15 
±12 



±350 
±240 



0.02 
0.02 



02 
0.02 



±1% 
+ 300mV 
-OmV 



0.5 
0.5 



3 5x2 5x1.62 
3.5x2.5x1.25 



Single 
Output 


905 


5 


1000 


0.02 


05 


±1% 


1 


3.5x2.5x1.25 


922 


5 


2000 


0.02 


0.05 


±1% 


1 


3 5x2.5x1.62 


928 


5 


3000 


05 


0.10 


±2% 


5(typ) 


3.5x2.5x1.25 



Triple 
Output 



2B35J 



±15 

+ 5 

±15 

+ 5 

±15 

+ lto + 15** 

±15 

+ lto + 15** 



±100 

500 

±150 

1000 

±65 

125 

±65 

125 



0.02 
0.02 
0.02 
02 
08 
08 
0.01 
0.01 



0.02 
05 
0.02 
0.10 
1 
1 
0.02 
0.02 



±1% 
±1% 
±2% 
±2% 
(-0, +300mV) 

(-0, +300mV) 



05 

0.5 

0.5 (typ) 

1.0 (typ) 

05 

0.25 

0.5 

0.25 



3.5x2.5x1.25 
3 5x2.5x1.62 
3.5x2.5x1 25 
3.5x2.5x1.25 



952 ±15 

Dual 970 ±15 

^ Output 973 ±15 

I 975 ± 15 



± 100 0.05 

±200 05 

±350 0.05 

± 500 0.05 



0.05 ±2% 

0.05 ±2% 

0.05 ±2% 

0.05 ±2% 



4.4x2.7x1.44 
4.4x2.7x1.44 
4.4x2.7x2.00 
4.4x2.7x2.00 



1 


Single 


955 


5 


1000 


0.05 


0.15 


±2% 


2 


4.4x2.7x1.44 




Output 


976 


5 


3000 


0.05 


0.10 


±2% 


5 (typ) 


4.75x2.7x2.00 


jS 




972 


±15 


±150 


0.02 


0.02 


±2% 


5 (typ) 


4.75x2.7x1.45 


^ 


Triple 




+ 5 


300 


02 


0.10 


±2% 


1.0 (typ) 




1 


Output 


974 


±15 


±150 


0.02 


Ci.02 


±2% ■ 


5 (typ) 


4.75x2 7x1.45 


f 






+ 5 


1000 


0.02 


0.10 


±2% 


1.0 (typ) 





^Consult Analog Devices Power Supply Catalog for additional information 
**Resistor programmable. 



Specificauons subject to change without notice 
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Modular DC/DC Converters 

GENERAL DESCRIPTION 

Analog Devices' line of compact dc/dc converters offer system 
designers a means of supplying a reliable, easy to use, low-cost 
solution to a variety of floating (analog and digital) power appli- 
cations. These devices provide high accuracy, short circuit pro- 
tected, regulated outputs with very low output noise and ripple 
characteristics. 

Fourteen models are offered in five power levels of 1 watt, 1.8 
watts, 4.5 watts, 6 watts and 12 watts. Input voltage versions 
include 5 volt, 12 volt, 24 volt and 28 volt with output ranges as 
follows: + 5 volt, ± 12 volts and ± 15 volts at ±60mA to 1000mA 
output current capability. 

Most models are high efficiency (typically over 60% at full load) 
and feature complete 6-sided continuous shielding for EMI/RFI 
protection. A ir-type input filter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices' dc/dc converters are available 
from stock in both large and small quantities with substantial 
discounts being applied to large quantity orders. 

DC/DC POWER SUPPLY FEATURES 

• Inaudible (> 20kHz) converter switching frequency 

• Continuous, Six-Sided EMI/RFI Shielding Except on 1 Watt 
and 1.8 Watt Models 

• Output Short Circuit Protection (either output to common) 

• Automatic Restart After Short Condition Removed 

• Automatic Starting with Reverse Current Injected into 
Outputs 

• Low Output Ripple and Noise 

• High Temperature Stability 

• Free Air Convection Cooling 

No external heat sink or specification derating is 
required over the operating temperature range. 



GENERAL SPECIFICATIONS FOR IW AND 
L8W MODELS 

Line Regulation-full range: ±0.3% (±1% max, 949) 
Load Regulation-no load to full load: ±0.4% (±0.5% max, 

949) 
Output Noise and Ripple: 20mV p-p (with i5|xF lanialum 

capacitor across each output) (2m V rms max, 949) 
Breakdown Voltage: 300V dc min (500V dc min, 949) 
Input Filter Type: tt 

Operating Temperature Range: -25°C to +7rC 
Storage Temperature Range: -40°C to + 125°C (+ 100°C, 949) 
Fusing: If input fusing is desired, we recommend the use of a 
slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter's full load input current. 

GENERAL SPECIFICATIONS FOR 4.5W, 6W, 
12W MODELS 

Line Regulation-full range: ±0.07% max (±0.02% max, 951, 

960 series) (±0.1% max, 943) 
Load Regulation-no load to full load: ±0.07% max (±0.02% 

max, 951, 960 series) (±0.1% max, 943) 
Output Noise and Ripple: ImV rms max 
Breakdown Voltage: 500V dc min 
Input Filter Type: tt 

Operating Temperature Range: — 25°Cto +7rC 
Storage Temperature Range: -40°C to + 125°C 
Fusing: If input fusing is desired, we recommend the use of a 
slow blow type fuse that is rated at 150%-200% of the 
dc/dc converter's full load input current. 



SPECIFICATIONS - Typical @ + 25**C at nominal input voltage unless otherwise noted* 

Input* 





Output 


Output 


Input 


Voltage 


Input 


Output 


Temperature 


Efficiency 






Voltage 


Current 


Voltage 


Range 


Current 


Voltage 


Coefficient 


FuULoad 


Dimensions 


Model 


Volts 


mA 


Volts 


Volts 


FuULoad 


Error max 


/°C max 


min 


Inches 


943 


5 


1000 


5 


4.75/5.25 


1.52A 


±1% 


±0.02% 


62% 


2.0x2.0x0.38 


958 


5 


100 


5 


4.5/5.5 


200mA 


±5% 


±0.01%(typ) 


50% 


1.25x0.8x0.4 


941 


±12 


±150 


5 


4.75/5.25 


1.17A 


±1% 


±0.01% 


58% 


2.0x2.0x0.38 


960 


±12 


±40 


5 


4.5/5.5 


384mA 


±5% 


±0.01%(typ) 


50% 


1.25x0.8x0.4 


962 


± 15 


±33 


5 


4.5/5.5 


396mA 


±5% 


±0.01%(typ) 


50% 


1.25x0.8x0.4 


964 


±15 


±33 


12 


10.8/13.2 


165mA 


±5% 


±0.01%(typ) 


50% 


1.25x0.8x0.4 


965 


±15 


±190 


5 


4.65/5.5 


1.7A 


±1% 


± 0.005% (typ) 


62% (typ) 


2.0x2.0x0.38 


966 


±15 


±190 


12 


11.2/13.2 


710mA 


±1% 


± 0.005% (typ) 


62% (typ) 


2.0x2.0x0.38 


967 


±15 


±190 


24 


22.3/26.4 


350mA 


±1% 


±0.005% (typ) 


62% (typ) 


2.0x2.0x0.38 


949 


±15 


±60** 


5 


4.65/5.5 


0.6A 


±2% 


±0.03% 


58% 


2.0x1.0x0.375 


940 


±15 


±150 


5 


4.75/5.25 


1.35A 


±1% 


±0.01% 


62% 


2.0x2.0x0.38 


953 


±15 


±150 


12 


11/13 


0.6A 


±0.5% 


±0.01% 


62% 


2.0x2.0x0.38 


945 


± 15 


±150 


28 


23/31 


250mA 


±0.5% 


±0.01% 


61% 


2.0x2.0x0.38 


951 


±15 


±410 


5 


4.65/5.5 


3.7A 


±0.5% 


±0.01% 


62% 


3.5x2.5x0.88 



NOTES 

'Models 940 and 941 will deliver up to 120mA output current (and model 943 will deliver up to 600mA) over an input voltage range of 4 65 V dc and 5.5 V dc 
♦Consult Analog Devices Power Supply Catalog for additional information 

**Single-ended or unbalanced operation is pernussible such that total output current load does not exceed a total of 1 20mA 
Specifications subject to change without notice. 
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LTS-2020 Component Test Systems 



HANDLER INTERFACE FOR 
HANDLER CONTROL SIGNALS 



BI-DIRECTIONAL RS-232 PORT 
FOR COMMUNICATING WITH 
ANY RS-232 DEVICE 



UNIDIRECTIONAL RS-232 PORT 
FOR OPTIONAL PRINTER 



DEVICE SOCKET 



DUAL DISK DRIVES, DOUBLE-SIDED FOR 
OPERATING SYSTEM, MASS STORAGE OF DATA, 
USER PROGRAMS, AND SUPPLIED PROGRAMS 



IEEE 488 PORT (OPTIONAL) 




SOCKET P.C. BOARD 



PLUG-IN SOCKET ASSEMBLY 

PLUG-IN FAMILY BbARD MODULE (E.G., 
LINEAR, DIGITAL, DATA CONVERSION, DISCRETE) 
THE LTS CONCEPT 

The LTS-2020 is a versatile component test system which tests 
a multitude of components to the manufacturer's specifications 
(linear, digital, data conversion and discrete devices). The system 
offers such features as RS-232 ports for networking, IEEE for 
compatibility with handlers and probers, dual disk drives for 
mass storage of data, automatic self calibration, and a full statistical 
analysis software package. 

The LTS-2020 provides several data output formats - datalog, 
yield analysis and statistical analysis. The console provides the 
primary measurement and control functions to test a specific 
class of devices. The socket assembly is the mechanical and 
electronic interface for the family board and the DUT board. 
The DUT board plugs directly into the socket assembly and 
contains the circuitry and socket, specific to the actual device 
under test. 



STAR-hTEST BUTTON - OPERATOR INSTALLS 
DEVICE IN THE SOCKET AND PUSHES THE BUTTON 



Analog Devices' component test systems are the first benchtop 
testers that are programmable in BASIC and fill-in-the-blanks 
CREATE. CREATE is menu-driven software which prompts 
the user for data sheet limits and conditions, then builds a com- 
pleted test program for the specified device. Turnkey program 
libraries are available for each of the device families. 

Far more than just comprehensive production testers, these test 
systems can handle complex engineering analysis and incoming 
inspection. They are the first systems that can provide all the 
capabilities of today's large centralized test systems at a price 
that is approximately one-third the cost. The LTS-2020 not 
only provides the flexibility of distributed or decentralized testing, 
it allows for cost effective multiple system purchases. They 
increase overall test reliability, since the threat of a single big 
failure is eliminated in a distributed testing environment. 



LTS-2020 CONSOLE SPECIFICATIONS 



Voltage Measurement Range 


Current Range 


Resolution 


Accuracy 


±10V 


HIZ 


10|xV 


± (0.0015% + 150^tV) 


Current Measurement Range 


Voltage Range 


Resolution 


Accuracy 


10raAto + 150mA 


0to+20V 


2|xA 


±(2.5% + 100|xAA^ + 15jjiA) 


-150mA to + 10mA 


to -20V 


2^tA 


±(2.5% + lOO^iA/V + 15fxA) 


-1.0mA to + 1.0mA 


Oto+lOV 


0.2jjiA 


±(0.5% + 10^iA) 


-10mA to +10mA 


±10V 


0.1 ^jiA 


±(0.5%+10jxA) 


Voltage Forcing Range 


Current Range 


Resolution 


Accuracy 


0to+20V 


-10mAto + 150mA 


lOOmV 


±50mV 


to -20V 


-150mA to + 10mA 


lOOmV 


±50mV 


Oto + lOV 


-1.0mA to + 1.0mA 


50mV 


±25mV 


-lOVto + lOV 


- lOmAto + lOmA 


ImV 


±500jtV 



Operating Voltage Range 

105V to 125V ac @ 50Hz to 60Hz 
2 lOV to 250V ac @ 50Hz to 60Hz 

System Reference Stability 

lOV ± 25 ppmyiOOOhrs. noncumulative 



Console Dimensions 

W 19in. X D 26in. (66cm.) x H 12in. (31cm.) 
Wt. 751bs. (39Kgs.) 

Operating Temperature Range 

to + 40°C, + 32°F to 104°F 
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LTS-2020 Test Capabilities 



LINEAR DEVICE TEST CAPABILITY 

The LTS-2101 Operational Amplifier Family Board tests today's 
very demanding high precision op amps, comparators and reg- 
ulators. This board houses the test loop used in testing op amps 
and comparators and the pulse load circuitry used in developing 
the high currents needed for voltage regulator testing. 

For testing devices under 100|jlV, the LTS-2101 offers a tight 
offset spec of ±(0.25% + SjjlV). Use of low thermal Emt relays 
and a test loop gain of 10,045 ensures superior low level Vqs 
measurement performance for optimum repeatability of low 
level signals. 

Testing of low current devices is achieved with the LTS-0614 
Socket Assembly which is designed to test bias and offset currents 
with an accuracy of ±(5% + 25fA) for any FET amplifier, 
including quad devices. Program libraries containing prewritten 
test programs for many standard op amps, comparators and 
regulators are available on disk. 

ANALOG-TO-DIGITAL TEST CAPABILITY 

The LTS-2200 ADC Family Board provides the test circuitry 
required for testing monolithic, hybrid or modular ADCs. An 
on-board 16-bit microprocessor with 8K bytes of memory acts 
as a slave for the system console and executes preprogrammed 
test routines such as linearity, all codes existence, transition 
noise measurements and conversion time measurements at high 
speed. Absolute accuracy can be measured within 200|xV. Linear- 
ity, differential nonlinearity, offset, gain and PSSR are tested to 
± .05 DUT LSB + 200|xV. Turnkey test packages are available 
for many of the standard ADCs currently in use. 

DIGITAL-TO-ANALOG TEST CAPABILITY 

The LTS-2302 DAC Family Board utihzes advanced state of the 
art test techniques to provide comprehensive test capabilities for 
a wide variety of D/A converters. It will test both voltage and 
current output DACs, DACs with and without buffer registers 
and serial or parallel input DACs to 16-bit accuracy. 

High repeatability on low level signals is achieved because of the 
grounding scheme on the LTS-2302. The incorporation of high 
level components in the V/I circuits ensures true accuracy. In 
addition, the methodology for measuring low bit currents allows 
appropriate testing of this parameter on CMOS DACs. 

Output leakage current on the LTS-2302 is measured with the 
bit drivers to the DAC set to logic 0. Current is measured using 
the I to V converter. A Imll resistor within the I to V circuitry 
ensures sensitivity, thereby measuring current down to ± 1 jjlA 
full scale. 



DIGITAL DEVICE TEST CAPABILITY 

The LTS-2510 Digital Device Family Board provides 24 pin 
driver/detectors and a precision, four quadrant V/I source for 
testing SSI/MSI TTL and CMOS digital devices. This board 
contains four programmable device supplies and switching cir- 
cuitry necessary for performing accurate parametric measurements 
on all device pins. 

Together with the LTS-0655 remote ac test fixture, dynamic 
parametric testing of 24-pin SSI/MSI TTL digital devices can 
be achieved. Accuracies are achieved down to ±4% + 1.5ns at 
a resolution of 500ps. Dynamic parameters tested are propagation 
delay, setup and hold times. 

DISCRETE DEVICE TEST CAPABILITY 

The LTS-2600 Transistor Family Board tests bipolar transistors, 
JFETs, diodes and optocouplers. An on-board 16-bit micro- 
processor with 4K bytes of memory acts as a slave for the LTS 
system and coordinates the timing and pulse width control of 
the stimulus and measurement signals. In addition, the micro- 
processor monitors the interlock circuitry to insure safe handling 
of high power test signals. 

MOSFET software packages support the testing of N and P 
channel enhancement mode and N channel depletion mode 
devices. Tests which may be performed on MOSFET devices 
include Idss, Igss, Igssf, Igssr, Id (off), Id (on), B Vdss, B 
Vgss, B Vgssf, B Vgssr, Vds (on), Vgs (th), Vgsoff, Vsd, Rds 
(on) and Gsf. 

ANALOG SWITCH TEST CAPABILITY 

The LTS-2700 Analog Switch Family Board adds switch and 
multiplexer testing capability to the LTS-2020. This test capability, 
with CREATE software allows datalogged device testing at the 
incoming inspection and semiconductor manufacturing levels 
and includes software power for use in component evaluation 
applications. 

The LTS-2700 tests on and off drain to source leakage currents 
with an accuracy of 250pA, while forcing differential voltages 
up to 50V ( ± 25V from GND). Other tests performed are drain 
to source on resistance, greatest change in drain-source on 
resistance between channels, digital input current and supply 
current. 

Twenty high integrity analog lines are provided - 4 to be used 
as drain connections and 16 for source connections. Also provided 
are 8 programmable digital drivers, 4 digital control bits, 6 
variable power supplies and 1 fixed + 5V supply. These combi- 
nations of sources provide testing of devices such as 4-channel 
switches, 16 to 1 multiplexers and other combinations of switches 
and multiplexers. 



15-2 COMPONENT TEST SYSTEMS 



Package Information 

Contents 



ADI LETTER DESIGNATOR 



DESCRIPTION 



PAGE 



Side Brazed DIP (Ceramic) 




D-14 
D-16 
D-18 
D-20. 


14 Lead 
16 Lead 
18 Lead 
20 Lead 


Bottom Brazed DIP (Ceramic) 




DH-14A 


14 Lead 


Metal Platform DIP 




DH-14B 
DH-16B 


14 Lead 
16 Lead 


Leadless Chip Carrier (Ceramic) 




E-20A 
E-28A 


20 Terminal 
28 Terminal 


Flat Pack (Ceramic) 




F-2A 


2 Lead 


Metal Can 




H-03A 
H-03B 
H-08A 
H-08B 
H-lOA 
H.12A 


3Lead(TO-52) 

3 Lead (TO-5 Style) 

8Lead(TO-99) 

8 Lead (TO-99 Style) 

lOLead(TO-lOO) 

12 Lead (TO-8 Style) 


Plastic DIP 




N-8 

N-14 

N-16 

N-18 

N-20 


8 Lead 
14 Lead 
16 Lead 
18 Lead 
20 Lead 


Plastic Leaded Chip Carrier (PLCC) 




P-20A 
P-28A 


20 Lead 
28 Lead 


Cerdip 




Q-8 

Q-14 

Q-16 

Q-18 

Q-24 


8 Lead 
14 Lead 
16 Lead 
18 Lead 
24 Lead 


Small Outline (SOIC) 




R-8 


8 Lead 


Plastic 




TO-92 


3 Lead 


Single In-Line Package (SIP) 




Y-10 


10 Lead 



16-2 
16-3 
16-4 
16-5 



16-6 



16-7 
16-8 



16-9 
16-10 



16-11 



16-12 
16- 13 
16- 14 
16-15 
16-16 
16-17 



16- 18 
16-19 
16-20 
16-21 
16-22 



16-23 
16-24 



16-25 
16-26 
16-27 
16-28 
16-29 



16-30 

16-31 

16-32 
PACKAGE INFORMATION 1&-1 



Package Outline Dimensions 



D-14 

14-Lead Side Brazed Ceramic DIP 




t!d 



|-H,-| 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


6 


bi 


0.030 


0.070 


0.76 


1.78 


2,6 


c 


0.008 


0.015 


0.20 


0.38 


6 


D 




0.785 




19.94 


4 


E 


0.220 


0.310 


5.59 


7.87 


4 


El 


0.290 


0.320 


7.37 


8.13 




e 


0.090 


0.110 


2.29 


2.79 


7 


L 


0.125 


0.200 


3.18 


5.08 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.098 




2.49 


5 


Si 


0.005 




0.13 




5 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023'' 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Twelve spaces. 



16-2 PACKAGE INFORMATION 



D-16 

16-Lead Side Brazed Ceramic DIP 



b-^ 





|-^-Si 






SEE 
NOTE1 
\ 


16 

) 

1 




9 
8 










A 


Lfm 


jnununiini 


JnlJnl] 



♦- "♦! e ^- -P #- b. 



Li 



1^.,^ 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


6 


bi 


0.030 


0.070 


0.76 


1.78 


2,6 


c 


0.008 


0.015 


0.20 


0.38 


6 


D 




0.840 




21.34 


4 


E 


0.220 


0.310 


5.59 


7.87 


4 


E, 


0.290 


0.320 


7.37 


8.13 




e 


0.090 


0.110 


2.29 


2.79 


7 


L 


0.125 


0.200 


3.18 


5.08 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.080 




2.03 


5 


S, 


0.005 




0.13 




5 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b, may be 0.023" 
(0.58mm) for all four corner leads only. 
Dimension Q shall be measured from the seating plane 
to the base plane. 

This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat when hot solder 
dip lead finish is applied. 

7. Fourteen spaces. 



3. 



4. 
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D-18 

18-Lead Side Brazed Ceramic DIP 



SEATING 
PLANE 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


6 


bi 


0.030 


0.070 


0.76 


1.78 


2,6 


c 


0.008 


0.015 


0.20 


0.38 


6 


D 




0.960 




24.38 


4 


E 


0.220 


0.310 


5.59 


7.87 


4 


El 


0.290 


0.320 


7.37 


8.13 




e 


0.090 


0.110 


2.29 


2.79 


7 


L 


0.125 


0.200 


3.18 


5.08 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.098 




2.49 


5 


Si 


0.005 




0.13 




5 



NOTES 

1. Index area; a notch or a lead one identification maric 
is located adjacent to lead one. 

2. The minimum limit for dimension b-i may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension G shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003'' (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Sixteen spaces. 
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D-20 
20-Lead Side Brazed Ceramic DIP 



SEATING . 
PLANE 



-^ 


t*:^„ 




-H 


•-S 




20 




11 




SEE 
NOTEl 


p 










1 




10 














- u " 






t 
A 


JnUrUn 


UrlJnUnLInL 


nnunL 


♦ 



b-^ 



e [♦- -^ |^-bi 



?r 



^ 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIKI 
IVIIi« 


MAX 


MIN 


MAX 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


6 


bi 


0.030 


0.070 


0.76 


1.78 


2,6 


c 


0.008 


0.015 


0.20 


0.38 


6 


D 




1.060 




26.92 


4 


E 


0.220 


0.310 


5.59 


7.87 


4 


E, 


0.290 


0.320 


7.37 


8.13 




e 


0.090 


0.110 


2.29 


2.79 


7 


L 


0.125 


0.200 


3.18 


5.08 




L, 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.080 




2.03 


5 


Si 


0.005 




0.13 




5 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

7. Eighteen spaces. 
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DH.14A 

14-Lead Bottom Brazed Ceramic DIP 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.220 




5.59 




b 


0.014 


0.023 


0.36 


0.58 




bi 


0.030 


0.070 


0.76 


1.78 


2 


c 


0.008 


0.015 


0.20 


0.38 




D 




0.805 




20.45 




E 


0.480 


0.505 


12.19 


12.83 




E, 


0.290 


0.320 


7.37 


8.13 


6 


e 


0.100 BSC 


2.54 BSC 


4,7 


L 


0.125 


0.200 


3.18 


5.08 




Li 


0.180 




4.57 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.098 




2.49 


5 


Si 


0.005 




0.13 




5 



NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b^ may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. El shall be measured at the centerline of the leads. 

7. Twelve spaces. 



16-6 PACKAGE INFORMATION 



DH-14B 

14-Lead Metal Platform DIP 




^"^k A « k 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.225 




5.72 




4>b 


0.014 


0.023 


0.36 


0.58 


2 


D 




0.885 




22.48 




E ' 


0.490 


0.520 


12.45 


13.21 




El 


0.295 


0.305 


7.49 


7.75 


6 


e 


0.100 BSC 


2.54 BSC 


4,7 


L 


0.140 


0.200 


3.56 


5.08 




Li 


0.160 




4.57 






Q 


0.015 


0.075 


0.38 


1.91 


3 



NOTES 

1. Index area; a square corner or a lead one identification 
mark is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. The basic pin spacing is 0.100" (2.54mm) between 
centerlines. 

5. Applies to all four corners. 

6. El shall be measured at the centerline of the leads. 

7. Twelve spaces. 
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DH-16B 

16-Lead Metal Platform DIP 



SEE 
N0TE1 






16 

1 




9 
8 


> 




C 










J 








# 






u — " 







T 

A 

SEATING \ E 
PLANE I 

L 






-XT 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.175 


0.215 


4.45 


5.46 




<j>b 


0.016 


0.020 


0.41 


0.51 




D 


0.960 


0.985 


24.4 


25.0 




E 


0.490 


0.520 


12.45 


13.21 




E, 


0.295 


0.305 


7.49 


7.75 


4 


e 


0.095 


0.105 


2.41 


2.67 


5 


Li 


0.160 


0.255 


4.06 


6.48 





NOTES 

1. index area; a square corner or a lead one identification 
mark is located adjacent to lead one. 

2. Pin 6 is electrically connected to the case. 

3. Case has metal bottom surface. 

4. El shall be measured at the centerline of the leads. 

5. Fourteen spaces. 



76-5 PACKAGE INFORMATION 



E-20A 

20-Terminal Leadless Ceramic Chip Carrier 



{hx45'') 
3 PLACES 




NO. 1 PIN INDEX 
BOTTOM VIEW 



(ixAS**) 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.064 


0.100 


1.63 


2.54 


1 


Bi 


0.022 


0.028 


0.56 


0.71 




D 


0.342 


0.358 


8.69 


9.09 


2 


Di 


0.075 REF 


1.91 REF 




e 


0.050 BSC 


1.27 BSC 




J 


0.020 REF 


0.51 




h 


0.040 REF 


1.02 




L 


0.045 1 0.055 


1.14 1 1.40 





NOTES 

1. Dimension A controls the overall package thickness. 

2. Applies to all 4 sides. 

3. All terminals are gold plated. 
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E-28A 

28-Terminal Leadless Ceramic Chip Carrier 



1/ 



/[iniTTtrtrTiir' 



TTXl 



(hx45°) 
3 PLACES 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.064 


0.100 


1.63 


2.54 


1 


Bi 


0.022 


0.028 


0.56 


0.71 




D 


0.442 


0.458 


11.23 


11.63 


2 


Di 


0.075 REF 


1.91 REF 




e 


0.050 BSC 


1.27 BSC 




J 


0.020 REF 


0.51 




h 


0.040 REF 


1.02 




L 


0.045 1 0.055 


1.14 1 1.40 





NOTES 

1. Dimension A controls the overall package thickness. 

2. Applies to all 4 sides. 

3. All terminals are gold plated. 
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F.2A 

2-Lead Flat Pack (Ceramic) 



POSITIVE LEAD 
INDICATOR 



e ' 

1 



i A_B 



E3£ 



Li 



] 



-^ 



T 

E 

I 



c 
1 




T 


? 


\N K\^ 


A 


' " t yZ 


//////////»: 


± 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.041 


0.050 


1.04 


1.27 




b 


0.015 


0.019 


0.38 


0.48 




c 


0.0045 


0.0065 


0.12 


0.17 




D 




0.250 




6.35 


1 


Di 




0.220 




5.59 




E 


0.081 


0.093 


2.06 


2.36 


1 


e 


0.045 


0.055 


1.14 


1.40 




Li 


0.500 




12.69 







NOTE 

1. This dimension allows for off-center lid, meniscus and 
solder overrun. 
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H-03A 

3-Lead Metal Can (TO-52) 



r- SEATING PLANE 
L 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.115 


0.150 


2.92 


3.81 




<t>b 




0.021 




0.53 


1,4 


4>b2 


0.016 


0.019 


0.41 


0.48 


1,4 


<|>D 


0.209 


0.230 


5.31 


5.84 




^0, 


0.178 


0.195 


4.52 


4.95 




e 


0.100T.P. 


2.54T.P. 


2 


ei 


0.050 T.P. 


1.27 T.P. 


2 


F 




0.030 




0.76 




J 


0.036 


0.046 


0.91 


1.17 




k 


0.028 


0.048 


0.71 


1.22 


3 


L 


0.500 




12.70 




1 


Li 




0.050 




1.27 


1 


1-2 


0.250 




6.35 






a 


45''T.P. 







NOTES 

1 . (Three Leads) <t>b2 applies between L^ and L2. 4>b applies 
between L2 and 0.5" (12.70mm) from seating plane. 
Diameter is uncontrolled in L-i and beyond 0.5" 
(12.70mm) from seating plane. 

2. Leads having maximum diameter 0.019" (0.48mm) 
measured in gauging plane 0.054" (1.4mm) + 0.001" 
(0.03mm) ~ 0.000" (0.00mm) below the seating plane 
of the device are within 0.007" (0.18mm) of their true 
positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the actual 
device. 

4. All leads - increase maximum limit by 0.003" (0.08mm) 
when hot solder dip finish is applied. 



1&-12 PACKAGE INFORMATION 



H-03B 

3-Lead Metal Can (TO-5 Style) 



I — SEATING PLANE 

L 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.165 


0.185 


4.19 


4.70 




<|>b 


0.016 


0.021 


0.41 


0.53 


2,7 


<f>b2 


0.016 


0.019 


0.41 


0.48 


2,7 


<)>D 


0.335 


0.370 


8.51 


9.40 




<f>D, 


0.305 


0.335 


7.75 


8.51 




e 


0.200 T.P. 


5.08 T.P. 


4 


ei 


0.100T.P. 


2.54T.P. 




h 


0.015 


0.035 


0.38 


0.89 




J 


0.028 


0.034 


0.71 


0.86 




k 


0.029 


0.045 


0.74 


1.14 


3 


L 


0.500 




12.70 




2 


Li 




0.050 




1.27 


2 


L2 


0.250 




6.35 




2 


P 


0.100 




2.54 




1 


Q 










5 


r 




0.007 




0.18 




a 


45*1. P. 







NOTES 

1. This zone is controlled for automatic handling. The 
variation in actual diameter within the zone shall not 
exceed 0.010' (0.25mm). 

2. (Three leads) <)>b2 applies between L-i and L2. (}>b applies 
between L2 and 0.500" (12.70mm) from seating plane. 
Diameter is uncontrolled in L^ and beyond 0.500" 
(12.70mm) from seating plane. 

3. Measured from maximum diameter of the actual 
device. 

4. Leads having maximum diameter 0.019" (0.48mm) 
measured in gauging plane 0.54" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the seating plane 
of the device are within 0.007" (0.18mm) of their true 
positions relative to the maximum-width tab. 

5. Details of outline in this zone optional. 

6. Lead #3 connected to case. 

7. All leads - increase maximum limit by 0.003" (0.08mm) 
when hot solder dip finish is applied. 
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H-08A 
8-Lead Metal Can (TO-99) 



r- REFERENCE PLANE 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


IVIIN 


MAX 


MIN 


MAX 


A 


0.165 


0.185 


4.19 


4.70 




<{>b 


0.016 


0.019 


0.41 


0.48 


1,4 


<l»b, 


0.016 


0.021 


0.41 


0.53 


1,4 


4»D 


0.335 


0.370 


8.51 


9.40 




<l>Di 


0.305 


0.335 


7.75 


8.51 




<I>D2 


0.110 


0.160 


2.79 


4.06 




e 


0.200 BSC 


5.08 BSC 


3 


ei 


0.100 BSC 


2.54 BSC 


3 


F 




0.040 




1.02 




k 


0.027 


0.034 


0.69 


0.86 




ki 


0.027 


0.045 


0.69 


1.14 




L 


0.500 


0.750 


12.70 


19.05 




L, 




0.050 




1.27 




L2 


0.250 




6.35 






Q 


0.010 


0.045 


0.25 


1.14 




a 


45<*BSC 


45<>BSC 


3 



NOTES 

1. (All leads) <i>b applies between Li and L2- <|>bi applies 
between L2 and 0.500" (12.70mm) from the reference 
plane. Diameter is uncontrolled in L^ and beyond 0.500" 
(12.70mm) from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (0.48mm) 
measued in gauging plane 0.054" (1.37mm) + 0.001" 
(0.03mm) - 0,000" (0.00mm) below the base plane of 
the product are within 0.007" (0.18mm) of their true 
position relative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" (0.08mm) 
when hot solder dip finish is applied. 



16-14 PACKAGE INFORMATION 



H-OSB 

8-Lead Metal Can (TO-99 Style) 




r- REFERENCE PLANE 




-\j^-K^. 



i ' 'i ' T — I — /7"'4-:>- 




SEATING PLANE 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.165 


0.185 


4.19 


4.70 




<t>b 


0.016 


0.019 


0.41 


0.48 


1,4 


<l>bi 


0.016 


0.021 


0.41 


0.53 


1,4 


<|>D 


0.335 


0.370 


8.51 


9.40 




<l>Di 


0.305 


0.335 


7.75 


8.51 




<I»D2 


0.110 


0.160 


2.79 


4.06 




e 


0.230 BSC 


5.84 BSC 


3 


ei 


0.115BSC 


2.92 BSC 


3 


F 




0.040 




1.02 




k 


0.027 


0.034 


0.69 


0.86 




ki 


0.027 


0.045 


0.69 


1.14 


2 


L 


0.500 


0.750 


12.70 


19.05 


1 


Li 




0.050 




1.27 


1 


L2 


0.250 




6.35 




1 


Q 


0.010 


0.045 


0.25 


1.14 




a 


45** BSC 


45«BSC 


3 



NOTES 

1. (All leads) <)>b applies between L-i and L2. <t>b<i applies 
between L2 and 0.500" (12.70nim) from the reference 
plane. Diameter is uncontrolled in L-i and beyond 0.500" 
(12.70mm) from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (0.48mm) 
measued in gauging plane 0.054" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the base plane of 
the product are within 0.007" (0.18mm) of their true 
position relative to the maximum width tab. 

4. All leads - increase maximum limit 0.003" (0.08mm) 
when hot solder dip finish is applied. 



PACKAGE INFORMATION 16-15 



H-lOA 

10-Lead Metal Can (TO-lOO) 



r- REFERENCE PLANE 
L 




k-<l>D2-^ 



SEATING PLANE 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.165 


0.185 


4.19 


4.70 




4»b 


0.016 


0.019 


0.41 


0.48 


1,4 


<l>bi 


0.016 


0.021 


0.41 


0.53 


1,4 


<|>D 


0.335 


0.370 


8.51 


9.40 




^0, 


0.305 


0.335 


7.75 


8.51 




<I>D2 


0.110 


0.160 


2.79 


4.06 




e 


0.230 BSC 


5.84 BSC 


3 


Ol 


0.115 BSC 


2.92 BSC 


3 






0.040 




1.02 






0.027 


0.034 


0.69 


0.86 




Ki 


0.027 


0.045 


0.69 


1.14 


2 




0.500 


0.750 


12.70 


19.05 


1 


1-1 




0.050 




1.27 


1 


L2 


0.250 




6.35 




1 


Q 


0.010 


0.045 


0.25 


1.14 




a 


36<*BSC 


36*>BSC 


3 



NOTES 

1 . (Three Leads) <{>b2 applies between Li and L2. <}>b applies 
between L2 and 0.5" (12.70mm) from seating plane. 
Diameter is uncontrolled In Li and beyond 0.5" 
(12.70mm) from seating plane. 

2. Leads having maximum diameter 0.019" (0.48mm) 
measured in gauging plane 0.054" (1.4mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the seating plane 
of the device are within 0.007" (0.18mm) of their true 
positions relative to a maximum-width tab. 

3. Measured from maximum diameter of the actual 
device. 

4. All leads ~ increase maximum limit by 0.003" (0.08mm) 
when hot solder dip finish is applied. 



16-16 PACKAGE INFORMATION 



H-12A 

12-Lead Metal Can (TO-8 Style) 



r— REFERENCE PLANE 

m L 





SEATING PLANE 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


AilllU 


MAX 


MIN 


MAX 


A 


0.148 


0.181 


3.76 


4.60 




<t>b 


0.016 


0.019 


0.41 


0.48 


1 


<l>b, 


0.016 


0.021 


0.41 


0.53 


1 


<t»D 


0.592 


0.610 


15.04 


15.44 




«I>D, 


0.545 


0.555 


13.84 


14.10 




e 


0.400 BSC 




3 


ei 


0.200 BSC 




3 


62 


0.100 BSC 




3 


F 




0.040 




1.02 




k 


0.026 


0.036 


0.66 


0.91 




ki 


0.026 


0.036 


0.66 


0.91 


2 


L 


0.375 




9.50 




1 


Li 




0.050 




1.27 


1 


Q 


0.010 


0.045 


0.25 


1.14 





NOTES 

1. (All leads) <t>b applies between L and Li. <|>bi applies 
between Li and 0.375" (9.50mnn) from the reference 
plane. Diameter is uncontrolled in Li and beyond 0.375" 
(9.50mm) from the reference plane. 

2. Measured from the maximum diameter of the 
product. 

3. Leads having a maximum diameter 0.019" (0.48mm) 
measued in gauging plane 0.054" (1.37mm) + 0.001" 
(0.03mm) - 0.000" (0.00mm) below the base plane of 
the product is within 0.007" (0.18mm) of their true 
position relative to the maximum width tab. 
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N-8 

8-Lead Plastic DIP 



SEE 



4 

:i L 



A A (^ A 



SEATING 
PLANE 



T 

A 



WW 



< D- 



E, 

1 



^^ 





SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.210 




5.33 




Az 


0.115 


0.195 


2.93 


4.95 




b 


0.014 


0.022 


0.356 


0.558 




b, 


0.045 


0.070 


1.15 


1.77 




c 


0.008 


0.015 


0.204 


0.381 




D 


0.348 


0.430 


8.84 


10.92 


2 


E 


0.300 


0.325 


7.62 


8.25 




E, 


0.240 


0.280 


6.10 


7.11 


2 


e 


0.100 BSC 


2.54 BSC 




L 


0.125 


0.200 


3.18 


5.05 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 



ie-18 PACKAGE INFORMATION 



N-14 
14-Lead Plastic DIP 



. AAAAAAA ,-^ 

SEE n4 8 t 

N0TE1 L ' 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.210 




5.33 




A2 


0.115 


0.195 


2.93 


4.95 




b 


0.014 


0.022 


0.356 


0.558 




bi 


0.045 


0.070 


1.15 


1.77 




c 


0.008 


0.015 


0.204 


0.381 




D 


0.725 


0.795 


18.42 


20.19 


2 


E 


0.300 


0.325 


7.62 


8.25 




El 


0.240 


0.280 


6.10 


7.11 


2 


e 


0.100 BSC 


2.54 BSC 




L 


0.125 


0.200 


3.18 


5.05 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-16 
16-Lead Plastic DIP 



A AAAAAAA 



SEATING 
PLANE' 




^b -^e|^-^|^b, 



t^ 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.210 




5.33 




A2 


0.115 


0.195 


2.93 


4.95 




b 


0.014 


0.022 


0.356 


0.558 




bi 


0.045 


0.070 


1.15 


1.77 




c 


0.008 


0.015 


0.204 


0.381 




D 


0.745 


0.840 


18.93 


21.33 


2 


E 


0.300 


0.325 


7.62 


8.25 




El 


0.240 


0.280 


6.10 


7.11 


2 


e 


0.100 BSC 


2.54 BSC 




L 


0.125 


0.200 


3.18 


5.05 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 



16-20 PACKAGE INFORMATION 



N-18 
18-Lead Plastic DIP 



AA AAAA AAA 




t^ 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.210 




5.33 




A2 


0.115 


0.195 


2.93 


4.95 




b 


0.014 


0.022 


0.356 


0.558 




bi 


0.045 


0.070 


1.15 


1.77 




c 


0.008 


0.015 


0.204 


0.381 




D 


0.845 


0.925 


21.47 


23.49 


2 


E 


0.300 


0.325 


7.62 


8.25 




E, 


0.240 


0.280 


6.10 


7.11 


2 


e 


0.100 BSC 


2.54 BSC 




L 


0.125 


0.200 


3.18 


5.05 




L, 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 
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N-20 
20-Lead Plastic DIP 





AAAAAA AA AA 




SEE 
N0TE1 

\ 


20 11 
1 10 


t 

El 

i 




V WW V vy V V 










A 


Jinnnnnnnnnj 


Q 



SEATING 
PLANE 



•^l^b -^e|*- -^|^-bi 



t:^ 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.210 




5.33 




Aa 


0.115 


0.195 


2.93 


4.95 




b 


0.014 


0.022 


0.356 


0.558 




bi 


0.045 


0.070 


1.15 


1.77 




c 


0.008 


0.015 


0.204 


0.381 




D 


0.925 


1.060 


23.50 


26.90 


2 


E 


0.300 


0.325 


7.62 


8.25 




El 


0.240 


0.280 


6.10 


7.11 


2 


e 


0.100 BSC 


2.54 BSC 




L 


0.125 


0.200 


3.18 


5.05 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 





NOTES 

1. Index area; a notch or a lead one Identification mark 
is located adjacent to lead one. 

2. This dimension does not include mold flash or 
protrusions. 



16-22 PACKAGE INFORMATION 



P-20A 

20-Lead Plastic Leaded Chip Carrier (PLCC) 



t 



' n n n n n • 



19 



C4 

c 
c 
c 



PIN 1 
IDENTIFIER 



TOP 
VIEW 



18 D 

3 



14 D 



9 13 

u uu u u 



■R- 
-A- 



H U B 

3 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.385 


0.395 


9.78 


10.02 




B 


0.385 


0.395 


9.78 


10.02 




C 


0.165 


0.180 


4.19 


4.57 




D 


0.025 


0.040 


0.64 


1.01 




E 


0.085 


0.110 


2.16 


2.79 




F 


0.013 


0.021 


0.33 


0.53 




G 


0.050 BSC 


1.27 BSC 




H 


0.026 


0.032 


0.66 


0.81 




J 


0.015 


0.025 


0.38 


0.63 




K 


0.290 


0.330 


7.37 


8.38 




R 


0.350 


0.356 


8.89 


9.04 




U 


0.350 


0.356 


8.89 


9.04 




V 


0.042 


0.048 


1.07 


1.21 




W 


0.042 


0.048 


1.07 


1.21 




X 


0.042 


0.056 


1.07 


1.42 




Y 




0.020 




0.50 





PACKAGE INFORMATION 16-23 



P-28A 

28-Lead Plastic Leaded Chip Carrier (PLCC) 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.485 


0.495 


12.32 


12.57 




B 


0.485 


0.495 


12.32 


12.57 




C 


0.165 


0.180 


4.19 


4.57 




D 


0.025 


0.040 


0.64 


1.01 




E 


0.085 


0.110 


2.16 


2.79 




F 


0.013 


0.021 


0.33 


0.53 




G 


0.050 BSC 


1.27 BSC 




H 


0.026 


0.032 


0.66 


0.81 




J 


0.015 


0.025 


0.38 


0.63 




K 


0.390 


0.430 


9.91 


10.92 




R 


0.450 


0.456 


11.43 


11.58 




U 


0.450 


0.456 


11.43 


11.58 




V 


0.042 


0.048 


1.07 


1.21 




W 


0.042 


0.048 


1.07 


1.21 




X 


0.042 


0.056 


1.07 


1.42 




Y 




0.020 




0.50 





16-24 PACKAGE INFORMATION 



Q-8 

8-Lead Cerdip 



.n n n n. 




-4W 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


7 


bi 


0.030 


0.070 


0.76 


1.78 


2,7 


c 


0.008 


0.015 


0.20 


0.38 




D 




0.405 




10.29 




E 


0.220 


0.310 


5.59 


7.87 




El 


0.290 


0.320 


7.37 


8.13 




e 


0.090 


0.110 


2.29 


2.79 




L 


0.125 


0.200 


3.18 


5.08 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.055 




1.35 


5 


Si 


0.005 




0.13 




5 


a 


o« 


15' 


O'^ 


15'» 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E^ shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Six spaces. 



PACKAGE INFORMATION 1&-25 



Q-14 

14-Lead Cerdip 



. n n n n n n n , 




SYMBOL 


INCHES 


MILLIMETERS 




MIN 


MAX 


MIN 


MAX 


NOTES 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


7 


bi 


0.030 


0.070 


0.76 


1.78 


2,7 


c 


0.008 


0.015 


0.20 


0.38 


7 


D 




0.785 




19.94 


4 


E 


0.220 


0.310 


5.59 


7.87 


4 


El 


0.290 


0.320 


7.37 


8.13 


6 


e 


0.090 


0.110 


2.29 


2.79 


8 


L 


0.125 


0.200 


3.18 


5.08 




L, 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.098 




2.49 


5 


s, 


0.005 




0.13 




5 


a 


0" 


15° 


0** 


15** 





NOTES 

1. index area; a notch or a lead one identification marie 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0**. Ei shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003" (0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twelve spaces. 



16-26 PACKAGE INFORMATION 



Q.16 

16-Lead Cerdip 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


7 


bi 


0.030 


0.070 


0.76 


1.78 


2,7 


c 


0.008 


0.015 


0.20 


0.38 


7 


D 




0.840 




21.34 


4 


E 


0.220 


0.310 


5.59 


7.87 


4 


El 


0.290 


0.320 


7.37 


8.13 


6 


e 


0.090 


0.110 


2.29 


2.79 


8 


L 


0.125 


0.200 


3.18 


5.08 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.080 




2.03 


5 


s, 


0.005 




0.13 




5 


a 


0" 


15*' 


o» 


15*' 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension b^ may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E^ shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Fourteen spaces. 
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Q-18 

18-Lead Cerdip 



In n n n n n 

.__ f 18 
Sbb I 

NOTE1 \ 




*. ♦! ^- b, Wa *- 



■ A\*- 



SEE 
NOTE? 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


7 


bi 


0.030 


0.070 


0.76 


1.78 


2,7 


c 


0.008 


0.015 


0.20 


0.38 


7 


D 




0.960 




24.38 


4 


E 


0.220 


0.310 


5.59 


7.87 


4 


El 


0.290 


0.320 


7.37 


8.13 


6 


e 


0.090 


0.110 


2.29 


2.79 


8 


L 


0.125 


0.200 


3.18 


5.08 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.098 




2.49 


5 


Si 


0.005 




0.13 




5 


a 


O" 


IS** 


0** 


15'' 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. Ei shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Sixteen spaces. 



1&-28 PACKAGE INFORMATION 



Q-24 

24-Lead Cerdip 



SEATING 

plane' 



SEE 
NOTE1 

■1 


nmnr-ir-innrimnnri 


^s 


24 13 
1 12 






UUUUUUUUUUUU 




r " n 




T" 


1 




i ftrtrtJtftrtrtrtruij^ 


Q 



-lek 



K-M 



-H K-bi 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


IVIIN 


MAX 


MIN 


MAX 


A 




0.200 




5.08 




b 


0.014 


0.023 


0.36 


0.58 


7 


b, 


0.030 


0.070 


0.76 


1.78 


2 J 


c 


0.008 


0.015 


0.20 


0.38 


7 


D 




1.280 




32.51 


4 


E 


0.220 


0.310 


5.59 


7.87 


4 


El 


0.290 


0.320 


7.37 


8.13 


6 


e 


0.090 


0.110 


2.29 


2.79 


8 


L 


0.125 


0.200 


3.18 


5.08 




Li 


0.150 




3.81 






Q 


0.015 


0.060 


0.38 


1.52 


3 


S 




0.098 




2.49 


5 


Si 


0.005 




0.13 




5 


a 


O** 


IS'* 


0" 


15* 





NOTES 

1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one. 

2. The minimum limit for dimension bi may be 0.023" 
(0.58mm) for all four corner leads only. 

3. Dimension Q shall be measured from the seating plane 
to the base plane. 

4. This dimension allows for off-center lid, meniscus 
and glass overrun. 

5. Applies to all four corners. 

6. Lead center when a is 0°. E-i shall be measured at the 
centerline of the leads. 

7. All leads - increase maximum limit by 0.003"(0.08mm) 
measured at the center of the flat, when hot solder 
dip lead finish is applied. 

8. Twenty-two spaces. 
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R-8 

8-Lead Small Outline (SOIC) 



*l A 1 


» 


t \ 


8 5 


i 


1 




I 


; p 


1 4 




r 




\ 


-^ G ^i- D-^ 


•- 


' f 



EELb U dJr ^J r ^a fl i. JT 



T 



^ 



1 



a. 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.188 


0.198 


4.77 


5.03 




B 


0.150 


0.158 


3.81 


4.01 




C 


0.089 


0.107 


2.26 


2.72 




D 


0.014 


0.022 


0.36 


0.56 




F 


0.018 


0.034 


0.46 


0.86 




G 


0.050 BSC 


1.27 BSC 




J 


0.007 


0.015 


0.18 


0.38 




K 


0.005 


0.011 


0.125 


0.275 




L 


0.195 


0.205 


4.95 


5.21 




P 


0.224 


0.248 


5.69 


6.29 
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TO-92 

3-Lead Plastic 



SEATING 
PLANE 




SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.170 


0.210 


4.58 


5.33 




c 


0.016 


0.019 


0.407 


0.482 




<t>D 


0.175 


0.205 


4.96 


5.20 




e 


0.095 


0.105 


2.42 


2.66 




©1 


0.045 


0.055 


1.15 


1.39 




E 


0.125 


0.165 


3.94 


4.19 




J 


0.175 


0.205 


4.96 


5.20 




L 


0.500 




12.70 






Li 




0.050 




1.27 




S 


0.080 


0.105 


2.42 


2.66 
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Y-10 
10-Lead Single In-Line Package (SIP) 



± 



s, 

T" 



SEATING 



Q 

LA. 



PLANE f^ 



•©- 



10 






TsTmTs 



#-b, 



-H ^Ai 



'SEE 
N0TE1 



C 
C 
El C 



SYMBOL 


INCHES 


MILLIMETERS 


NOTES 


MIN 


MAX 


MIN 


MAX 


A 


0.123 


0.150 


3.12 


3.81 




Ai 


0.038 


0.042 


0.97 


1.07 




b 


0.016 


0.020 


0.41 


0.51 




bi 


0.040 


0.070 


1.02 


1.78 




c 


0.009 


0.012 


0.23 


0.31 




D 


1.566 


1.586 


39.78 


40.28 




E 


0.990 


1.050 


25.15 


26.67 




El 


0.750 REF 


19.05 REF 




E2 


0.810 REF 


20.57 REF 




e 


0.100 BSC 


2.54 BSC 




Li 


0.150 


0.350 


3.81 


8.89 




Q 


0.060 


0.080 


1.52 


2.03 




S 


0.780 REF 


19.51 REF 




Si 


0.115REF 


2.92 REF 





NOTE 

1. Metal tab is electrically insulated from circuitry. 
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APPENDIX 17-1 



Ordering Guide 



INTRODUCTION 

This Ordering Guide should make it easy to order Analog Devices products, whether you're buying one IC op ^mp, a 
multi-option subsystem, or 1000 each of 15 different items. It will help you: 

1. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood, 
Mass. U.S.A. (617-329-4700). 

MODEL NUMBERING 

Many of the data sheets in the Databook for products having a number of standard options contain an Ordering Guide. 
Use it to specify the correct part number for the exact combination of options you want. I.C. and hybrid part numbers are 
created using one of these two systems: 

Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It 
consists of an "AD" (Analog Devices) prefix, a 3-to-5-digit model number*, an alphabetic performance/temperature-range 
designator and a package designator. One or two additional letters may immediately follow the digits ("A" for second-generation 
redesigned ICs, "DI" for dielectrically isolated CMOS switches, e.g., AD536AJH, AD7512DIKD). 

Figure 2 shows the somewhat different numbering scheme used by our Computer Labs Division for some hybrid circuits. 
The number starts with a three-character alphabetic prefix, followed by a hyphen, a three- or four-digit number, and 
alphabetic designators (as applicable) to indicate additional functional designations or options and packaging options. 



[NANN] 
AD XXXX 



A Y Z 



ANALOG 
DEVICES 
PREFIX 



J 



THREE-TO-FIVE 
DIGIT NUMBERS 



1 OR 2 LETTERS 

PROVIDE ADDITIONAL 

GENERAL INFORMATION 

A SECOND GENERATION 

DI. DIELECTRICALLY 

ISOLATED 

Z OPERATION ON ±12V SUPPLIES 



PERFORMANCE- 
TEMPERATURE RANGE 
DESIGNATOR' 



TO -l-70°C 



-25°COR -40°CTO +85^ 



-55°C TO+125°C 



I I INCREASING 

J 1 PARAMETRIC 

I K T PERFORMANCE 

I M BEST OVERALL 
PERFORMANCE 



F PERFORMANCE 

I C BEST OVERALL 
[ PERFORMANCE 

f ^ i INCREASING 
I f PERFORMANCE 

U BEST OVERALL 
PERFORMANCE 



PACKAGE OPTIONS 


D 


HERMETICALLY SEALED DIP, 




CERAMIC OR METAL 


E 


LEADLESS CHIP CARRIER 


F 


CERAMIC FLATPACK 


H 


METAL CAN, HERMETICALLY 




SEALED 


M 


METAL-CAN DIP, HERMETICALLY 




SEALED-COMPUTER LABS 


N 


PLASTIC DIP 


P 


PLASTIC LEADLESS CHIP 




CARRIER 


O 


CERDIP 


R 


SMALL OUTLINE 


CHIPS 


MONOLOTHICCHIP' 



EXAMPLES. 

AD521KCHIPS 

AD7524AD 

AD536ASH/883B 

AD7512DIKD 

'MONOLITHIC CMOS CHIPS IN THE AD75XX 
SERIES WERE FORMERLY DESIGNATED 
AD75XX/COM/CHIPS AND AD75XX/MIL/CHIPS 
AND MAY APPEAR ON PRICE LISTS WITH 
THOSE DESIGNATIONS CONSULT ANALOG 
DEVICES FOR CURRENT PRICING OF AD75XX 
CHIPS 



Figure 1. Model-Number Designations for Standard 
Analog Devices Monolithic and Hybrid IC Products. 
S, T and U Grades have the Added Suffix, /883B for 
Devices that Qualify to the Latest Revision of MIL-STD- 
883, Level B. 

*For some models, the combination [digit][letter][two or three digits] is used instead of ADXXXX, e.g., 2S80. 
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XXX - YYZZ W M B 



THREE- OR 
FOUR-CHARACTER 
ALPHABETIC 
PREFIX 



iJ 



THREE- OR FOUR- 
NUMERAL FUNCTIONAL 
GROUPING FOR 
CONVERTERS 
YY MAY DENOTE 
RESOLUTION, ZZ SPEED 



ADDITIONAL FUNCTIONAL 
DESIGNATION OR OPTION 
e g , E, C, A, ETC 



MILITARY OPTIONS 
/883. SCREENED TO 
MIL-STD 883. PER 
METHOD 5008 
B. SCREENED 
TO MIL-STD 883 
CLASS B 



PACKAGE OPTION 
M OR H 
HERMETICALLY 
SEALED 
METAL-CASE DIP 



H 

HYBRID —J 

A/D 

CONVERTER 



A S- 

J 



12 02 M 

I — I 



H 

HYBRID 1 



D S- 10 15 E, HDS-1015EM 



1 0BITS 

15ns TO 1% 

(VOLTAGE) 



u 



- HERMETIC 
METAL 
CASE 



HDS-1015EMB 



100% SCREENED 
TO MIL-STD 883 
CLASS B 



Figure 2. Computer Labs Video Hybrid Product Designations 



SECOND SOURCE 

In addition to our many proprietary products, we also manufacture devices that are fit-, form-, and function-compatible 
(and often superior in performance and reliability) to popular products that originated elsewhere. For such products, we 
usually add the prefix "AD" to the famiUar model number (example: ADDAC85C-CBI-V). 

ORDERING FROM ANALOG DEVICES 

When placing an order, please provide specific information regarding model type, number, option designations, quantity, 
ship-to and bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All 
shipments are F.O.B. factory. Please specify if air shipment is required. 

Place your orders with our local sales office or representative, or directly with our customer service group located in the 
Norwood facility. Orders and requests for quotations may be telephoned, sent via TWX or TELEX, or mailed. Orders 
will be acknowledged when received; billing and delivery information is included. 

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. On all 
orders under fifty dollars ($50.00), a five-dollar ($5.00) processing charge is required. 

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the 
goods if you are ordering for delivery to a destination in Massachusetts). 

WARRANTY AND REPAIR CHARGE POLICIES 

All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and 
service for one year from the date of their shipment by Analog Devices, Inc., except that components obtained from others 
are warranted only to the extent of the original manufacturers' warranties, if any, except for component test systems, which 
have a 180-day warranty, and |jlMAC and MACSYM systems, which have a 90-day warranty. This warranty does not 
extend to any products which have been subjected to misuse, neglect, accident, or improper installation or appUcation, or 
which have been repaired or altered by others. Analog Devices' sole liability and the Purchaser's sole remedy under this 
warranty is hmited to repairing or replacing defective products. (The repair or replacement of defective products does not 
extend the warranty period. This warranty does not apply to components which are normally consumed in operation or 
which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential 
damages under any circumstances. 



THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Product Families Not Included in the Databook 

(But Still Available) 

The information published in this Databook is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below 
may have been designed into your circuits in the past, but they are no longer likely to be the most economic choice for 
your new designs. Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, 
and we are continuing to make these products available for use in existing designs or in designs for which they are uniquely 
suitable. Data sheets on these products are available upon request. 



Model 



Model 



Mod^l 



Model 



ADIOI 


AD7S22 


DAS1128 


SDC1702/RDC1702 


234 


AD108/208/308 


AD7S23 


DAS 11 SO 


SDC1704/RDC1704 


235 


AD108A/208A/308A 


AD7S2S 


DASllSl 


SDC1711/RDC1711 


260 


ADl 11/21 1/311 


AD7S30 


DASllSS 


SDC1721 


261 


AD293 


AD7S31 


DAS11S6 


SDC172S/RDC172S 


272 


AD294 


AD7S41 


DRC176S/66 


SDC1726/RDC1726 


273 


AD351 


AD7S46 


DSC170S/06 


SDC1768/RDC1768 


275 


AD370/371 


AD7SS0 


DTM1716/17 


SHA-IA 


276 


AD503 


AD7SS2 


HAS-0802 


SHA-2A 


277 


AD506 


AD7S71 


HAS-1002 


SHA-4 


285 


ADS 10 


AD7S74 


HDD-1409 


SHA-S 


288 


AD515 


AD ADC-816 


HDH-0802 


SHA-1114 


310 


ADS 18 


ADC-8S 


HDH-1003 


SHA-1134 


311 


ADS28 


ADC-IOZ 


HDH-120S 


SHA-1144 


424 


ADS30 


ADC-12QZ 


HDL-3806 


SSCT1621 


426 


ADS31 


ADC-14I/17I 


HDS-0810E 


STM Series 


428 


ADS33 


ADCllOO 


HDS-0820 


TSL1612 


429 


ADS3S 


ADC1102 


HDS-IOISE 


2B24 


432 


ADS4S 


ADC 11 OS 


HDS-102S 


2B34 


433 


ADS67 


ADCllll 


HDS-1240E 


2BS2 


434 


AD611 


ADC1133 


HDS-12S0 


2BS3 


435 


AD6S1 


ADC1143 


IPA17S1 


2BS6 


436 


AD801 


ADC-QM 


IRDC1730 


2BS7A-1 


440 


AD2004 


AD DAC-08 


IRDC1731 


2BS8A 


442 


AD2006 


ADG201 


IRDC1732 


2B59A 


450 


AD2008 


ADSHC-8S 


IRDC1733 


2S20 


452 


AD2009 


API1620/1718 


MATV-0811 


40 


454 


AD2016 


BDM 1615/16 


MATV-0816 


43 


456 


AD2020 


BDM 1617 


MATV-0820 


44 


458 


AD2022 


CAV-0920 


MCI 1794 


4S 


460 


AD2023 


CAV-1210 


MDA-IOZ 


46 


606 


AD2033 


DAC-M 


MOD-IOOS 


48 


610 


AD2036 


DAC-QS 


MOD.1020 


SO 


752 


AD2037 


DAC-QZ 


OSC17S4 


SI 


756 


AD2038 


DAC-IOZ 


RDC1721 


S2 


903 


AD2040 


DAC1009 


RTM Series 


118 


906 


AD3SS4 


DAC1106 


SAC1763 


141 


915 


AD3860 


DAC1108 


SBCD17S2/S3 


165 


926 


AD6012 


DAC1132 


SBCD17S6/S7 


171 


944 


AD7110 


DAC1146 


SCDX1623 


183 


946 


AD7118 


DAC1420 


SCM1677 


230 


947 


AD7S20 


DAC1422 


SDC1604 


232 


959 


AD7S21 


DAC1423 


SDC1700/RDC1700 


233 


968 
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Substitution Guide for Product Families 

No Longer Available 



The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions 
and performance may be obtained with newer models, but - as a rule - they are not directly interchangeable. The closest 
recommended Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is 
Hsted, or for further information, contact your local sales office. 





Closest 




Closest 




Closest 




Recommended 




Recommended 




Recommended 


Model 


Equivalent 


Model 


Equivalent 


Model 


Equivalent 


AD501 


AD711 


DAC1118 


None 


2N39S4 


None 


AD502 


AD711 


DAC1122 


AD7S41 


2N5900 


None 


AD505 


ADS09 


DAC112S 


AD7S33 


41 


ADS 15 


AD508 


ADS17 


HDL-3805 


HDL-3806 


47 


48 


ADS 11 


AD711 


HTC-0500 


HTC-0300 


101 (Module) 


45 


AD512 


AD711 


IDC1703 


IRDC1730/1731 


102 


48 


AD513 


AD711 


MAH-0801 


HAS-0802 


106 


118 


AD514 


AD711 


MAH-1001 


HAS-1002 


107 


118 


ADS 16 


AD711 


MAS-0801 


HAS-0802 


108 


52 


AD520 


ADS24 


MAS-1001 


HAS-1002 


110 


48 


ADS23 


ADS49 


MAS-1202 


HAS-1202 


111 


AD308 


ADS46 


AD711 


MDA-LB 


None 


114 


119 


ADSSS 


AD7S19 


MDA-LD 


None 


US 


43 


ADS59 


None 


MDA-UB 


None 


120 


50 


AD612 


AD524 


MDA-UD 


None 


142 


48 


AD614 


ADS24 


MDA-8H 


MDA-IOZ 


143 


52 


AD810-813 


None 


MDA-IOH 


MDA-IOZ 


146 


AD382 


AD814-816 


None 


MDA-llMF 


AD7S21 


149 


SO 


AD818 


None 


MDH-0870 


None 


1S3 


AD517 


AD820-822 


None 


MDH-1001 


None 


161 


165 


AD830-833 


None 


MDH-1202 


None 


163 


165 


AD835-839 ^ 


None 


MDMS-0801 


AD9768 


170 


171 


AD1408 


None 


MDMS-1001 


HDM-1210 


180 


ADOP-07 


AD1508 


None 


MDMS-1101 


HDM-1210 


220 


234 


AD2003 


AD2021 


MDS-081S 


None 


231 


233 


AD2024 


None 


MDS-081SE 


None 


274J 


284J 


AD202S 


None 


MDS-0830 


HDS-0820 


279 


286J 


AD2027 


None 


MDS-08S0 


HDS-0820 


280 


281 


AD2028 


None 


MDS-1020 


None 


282J 


292A 


ADSOlO/6020 


AD9000 


MDS-1020E 


None 


283J 


292A 


AD7115 


None 


MDS-1040 


HDS-102S 


301 (Module) 


52 


AD7S13 


None 


MDS-1080 


HDS-102S 


302 


310 (Module) 


AD7516 


AD7510DI 


MDS-1240 


None 


350 


None 


AD7S19 


None 


MDSL-0802 


HDS-0820 


427 


424 


AD7S27 


None 


MDSL-0825 


None 


602J10 


AD524 


AD7S44 


None 


MDSL-1002 


HDS-102S 


602J100 


AD524 


AD7SSS 


None 


MDSL-103S 


None 


602K100 


AD524 


AD7S60 


None 


MDSL-1201 


HDS-12S0 


603 


AD524 


AD7570 


None 


MDSL-1250 


None 


605 


AD524 


AD7S83 


None 


RTI-1200 


RTI-7 11 Series 


901 


904 


ADC1103 


None 


RTI-1201 


RTI-7 11 Series 


907 


921 


ADC1109 


None 


RTI-1202 


RTI-7 11 


908 


921 


ADC1121 


AD7SS0 


SERDEX 


PlMAC-5000 


909 


921 


ADDACIOO 


None 


SHA-3 


None 


931 


None 


ADG200 


None 


SHA-6 


SHA1144 


932 


None 


ADMSOl 


ADMSOl/506 


THC-0300 


HTC-0300 


933 


None 


ADPSOl 


ADPSll 


THC-07S0 


None 


935 


None 


ADSHM-S 


HTC-0300 


THC-1500 


None 


942 


None 


CAV-1020 


MOD-1020 


THS-002S 


HTC-0300 


948 


947 


DAC-IOOF 


None 


THS-0060 


HTC-0300 


9S6 


None 


DAC-IOH 


DAC-IOZ 


THS-022S 


None 


971 


921 


DAC1112 


DAC12QS 


TSDC1608-1611 


TSL1612 
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Technical Publications 



TECHNICAL PUBLICATIONS 

Analog Devices provides a wide array of FREE technical publi- 
cations. These include Data Sheets for all products, Catalogs, 
Application Notes and Guides and four serial publications: 
Analog Productlog, a digest of new-product information; 
DSPatch^^, a newsletter about digital signal-processing (appli- 
cations); Analog Briefings, current information about products 
for militarv/flvionics and the status of reliability^ at ADI; and 
Analog Dialogue, our technical magazine, with in-depth discussions 
of products, technologies and appHcations. 

In addition to the free publications, three technical Handbooks, 
and Synchro & Resolver Conversion, are available at reasonable 
cost. System and subsystem products are supported with hardware, 
software and user documentation, at prices related to content. 

Brief descriptions of typical pubhcations appear below. For 
copies of any items, to subscribe to any of our free serials or to 
request any other publications, please get in touch with Analog 
Devices or the nearest sales office. 

CATALOGS 

DATA ACQUISITION PRODUCTS DATABOOKS. Contain 
selection guides, data sheets and other useful information about 
all Analog Devices ICs, hybrids, modules and subsystem com- 
ponents recommended for new designs. The 1988 series consists 
of: 

DATA CONVERSION PRODUCTS DATABOOK - 1988. 
Data Sheets and Selection Guides on D/A, A/D, V/F, and FA^ 
Converters, Sample-Track/Hold Amplifiers, Voltage References, 
Multiplexers & Switches, Synchro-Resolver Converters, Data- 
Acquisition Subsystems, Application-Specific ICs. (Available 
FREE with the Linear Products Databook as a 2-volume set.) 

DSP PRODUCTS DATABOOK - 1987. Data Sheets, Selection 
Guides and Application Notes on DSP Microprocessors, Micro- 
coded Support Components, Floating-Point Components and 
Fixed-Point Components. Available FREE. 

LINEAR PRODUCTS DATABOOK^ 1988. Data Sheets and 
Selection Guides on Op Amps, Instrumentation AmpHfiers, 
Isolators, RMS-to-DC Converters, Multipliers/Dividers, Log/ 
Antilog Amplifiers, RMS-to-DC Converters, Comparators, 
Temperature-Measuring Components and Transducers, Special 
Function Components, Digital Panel Instruments, Signal-Condi- 
tioning Components and Subsystems. (Available FREE with the 
Conversion Products Databook as a 2-volume set.) 

1987 MILITARY PRODUCTS DATABOOK. 704 pages of 
information and data on products processed in accordance with 
MIL-STD-883C Class B. 

APPLICATION NOTES AND GUIDES 

Application Notes. All are available individually upon request. 

A/D Converters: 

"AD670 8-Bit A/D Converter Applications." 
"Exploring the AD667 12-Bit Analog Output Port." 
"Interfacing the AD7572 to High-Speed DSP Processors." 
"The AD7574 Analog-to-Microprocessor Interface." 



Amplifiers: 

"An IC Amplifier User's Guide to Decoupling, Grounding, 

and Making Things Go Right for a Change." 
"AppUcations of High-Performance BiFET Op Amps." 
"A User's Guide to IC Instrumentation Amplifiers" 
"How to Select Operational Amplifiers." 
"How to Test Basic Operational AmpHfier Parameters." 
"Lov7-Cost, Tv/o-Chip Voltage-Controlled Amplifier and 

Video Switch." 
"Using the AD9610 Transimpedance Amplifier." 
D/A Converters: 
"AD7528 Dual 8-Bit CMOS DAC." 
"Analog Panning Circuits Provide Almost Constant Output 

Power." 
"CMOS DACs and Operational AmpUfiers Combine to Build 

Programmable-Gain Amplifiers." In two parts. 
"CMOS DACs in the Voltage Switching Mode Can Work 

from a Single Supply." 
"CMOS D/A Converter Circuits for Single + 5-Volt 

Supplies." 
"14-Bit DACs (AD7534/AD7535) Maintain High Performance 

Over Extended Temperature Range." 
"Gain Error and Tempco of CMOS Multiplying DACs." 
"Interfacing the AD7549 Dual 12-Bit DAC to the MCS-48 

and MCS-51 Microcomputer Families." 
"Methods for Generating Complex Waveforms and Vectors 

Using Multiplying D/A Converters." 
"Simple Interface Between D/A Converter and Micro- 
computer Leads to Programmable Sine- Wave Oscillator." 
"The AD7224 DAC Provides Programmable Voltages Over 

Varying Ranges." 
Digital Signal Processing (Note: Eight additional DSP 
Application Notes will be found in the DSP 
Products Databook): 

"A Guide to Designing Microcoded Circuits." 
"Implement a Writeable Control Store in Your 

Word-Slice"^^ System." 
"Variable- Width Bit Reversing with the ADSP-1410 

Address Generator." 
Resolver-to-Digital Conversion: 

"Dynamic Characteristics of Tracking Converters." 
"Dynamic Resolution- Switching on the 1S74 Resolver-to- 
Digital Converter." 
"Resolver-to-Digital Conversion - A Simple and Cost- 

Effective Alternative to Optical Shaft Encoders." 
"Why the Velocity Output of the 1S74 and 1S64 Series R/D 

Converters is Continuous and Step-Free Down to 

Zero Speed." 
Sample-Holds: 
"Applying IC Sample-Hold Amplifiers." 
"Generate 4 Channels of Analog Output Using AD7542 
12-Bit D/A Converters and Control It All with Only 

Two Wires." 
Switches: 
"ADG201A/202A and ADG221/222 Performance with 

Reduced Power Supplies." 



Analog DSPatch is a trademark of Analog Devices, Inc. 
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V/F Converters: 

"Operation and Applications of the AD654 IC V-to-F 

Converter." 
"Analog- to-Digital Conversion Using Voltage-to-Frequency 

Converters ( AD65 1 ) . " 

Application Guides. All are available upon request. 
Analog CMOS Switches and Multiplexers. A 16-page short-form 
guide to high-speed CMOS switches, CMOS switches with 
dielectric isolation, and CMOS multiplexers. Also included are 
reUabiUty data and information on single-supply operation. 

Applications Guide for Isolation Amplifiers and Signal Conditioners. 
A 20-page guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, in- 
strumentation, and medical applications. 

CMOS DAC Application Guide 2nd Edition by Phil Burton 
(1986 - 63 pages). Introduction to CMOS DACs, Inside CMOS 
DACs, Basic Application Circuits in Current-Steering Mode, 
Single-Supply Operation Using Voltage- Switching Mode, The 
Logic Interface, AppUcations. 

ESD Prevention Manual - Protecting ICs from electrostatic 
discharges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to assure 
protection against electrostatic discharge (ESD) failures. 

High-Speed Data Conversion - A 24-page short-form guide to 
video and other high-speed A/D and D/A converters and 
accessories, in forms ranging from monolithic ICs to card-level 
products. 

RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986-61 pages). RMS-DC Conversion: 
Theory, Basic Design Considerations; RMS Application Circuits; 
Testing Critical Parameters; Input Buffer Amplifier Requirements; 
Programs for Computing Errors, Ripple, and Settling Time. 

Surface Mount IC - A 28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds, and CMOS switches. 



BOOKS - Can be purchased from Analog Devices, Inc.; send 
check for indicated amount to One Technology Way, P.O. Box 
796, Norwood, MA 02062. If more than one book is ordered, 
deduct a discount of $1 from the price of each book. 

ANALOG-DIGITAL CONVERSION HANDBOOK: Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood CUffs, NJ: Prentice-Hall (1986). 
A comprehensive guide to A/D and D/A converters and their 
applications. This third edition of our classic is in hardcover 
and has more than 700 pages, an Index, a Bibliography, and 
much new material, including: video-speed, synchro-resolver, 
V/F, high-resolution, and logarithmic converters, ICs for 
DSP, and a "Guide for the Troubled." Seven of its 22 chapters 
are totally new. $32.95 

NONLINEAR CIRCUITS HANDBOOK: Designing with 
Analog Function Modules and ICs, by the Engineering Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing, squaring and rooting, rms-to-dc conversion, and 
multifunction devices. Principles, circuitry, performance, 
specifications, testing, and application of these devices - 
325 illustrations. $5.95 

SYNCHRO & RESOLVER CONVERSION, edited by Geoff 
Boyes. Norwood MA: Analog Devices, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, and Inductosyns* 
to digital and analog circuitry . $11.50 

TRANSDUCER INTERFACING HANDBOOK: A Guide to 
Analog Signal Conditioning, edited by Daniel H. Sheingold. 
Norwood MA: Analog Devices, Inc. (1980). A book for the 
electronic engineer who must interface transducers for tempera- 
ture, pressure, force, level, or flow to electronics, these 260 
pages tell how transducers work - as circuit elements - and how 
to connect them to electronic circuits for effective processing of 
their signals. $14.50 



ADSP-2100 SUPPORT PUBLICATIONS - for the ADSP-2100 
single-chip digital signal processor, available at no charge for 
single copies. 

ADSP-2100 USER'S MANUAL - Introduction, Architecture, 
System Interface, Instruction Set, Appendix - 180 pages. 

ADSP-2100 CROSS-SOFTWARE MANUAL - Development 
System, System Builder, Assembler, Linker, Simulator, PROM 
Splitter, Appendix - 102 pages. 

ADSP-2100 APPLICATIONS HANDBOOK - Introduction, 
Fixed Point Arithmetic, Floating-Point Arithmetic, Fixed- 
Coefficient Digital Filters, FFTs, Adaptive Filters, Image Proc- 
essing, Linear Predictive Speech Coding, High-Speed MODEM 
Algorithms, Bibhography - 178 pages. 



*Inductosyn is a registered trademark of Farrand Industries, Inc. 
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Worldwide Service Directory 



North America 



Alabama 


Idaho 


Minnesota 


North Carolina 


Utah 


(205) 536-1506 


(303) 443-5337 


(612) 835-2414 


(919) 373-0380 


(801)466-9336 


Alaska 


*(303) 590-9952 


Mississippi 


North Dakota 


*(303) 590-9952 


*(206) 251-9550 


*(206) 251-9550 


(205)536-1506 


(612)835-2414 


Vermont 


*(714} 641-3331 


Illinois 


Missouri 


Ohio 


*(617) 329-4700 


Arizona 


(312) 520-0710 


(314) 521-2044 


(216) 248-4995 


Virginia 


(602) 949-0048 
*(303) 590-9952 

Arkansas 


Indiana 

(317) 244-7867 


Montana 

(801)466-9336 


*(614) 764-8795 
Oklahoma 


*(301) 992-1994 
Washington 


Iowa 


*(714) 641-9391 


*(214) 231-5094 


*(206) 251-9550 


*(214) 231-5094 
^» _ i ■»_ • _ 


(319) 373-0200 


Nebraska 


Oregon 


West Virginia 


California 


Kansas 


(913) 829-2800 


*(206) 251-9550 


*(614) 764-8795 


*(714) 641-9391 
*(408) 559-2037 


(913) 829-2800 


Nevada 


Pennsylvania 


Wisconsin 


*(619) 268-4621 


Kentucky 


(505)828-1300 


*(215) 643-7790 


(414) 784-7736 


Colorado 

(303) 443-5337 


(615)459-0743 
*(617) 329-4700 


*(408) 559-2037 
*(714) 641-9391 


*(614) 764-8795 
Rhode Island 


Wyoming 

(801)466-9336 


*(719) 590-9952 


Louisiana 


New Hampshire 


*(617) 329-4700 


Puerto Rico 


Connecticut 


*(214) 231-5094 


*(617) 329-4700 


South Carolina 


*(617) 329-4700 


(516) 673-1900 


Maine 


New Jersey 


(919) 373-0380 


Canada 


*(617) 329-4700 


*(617) 329-4700 


(516)673-1900 


South Dakota 


(416) 821-7800 


Delaware 


Maryland 


*(617) 329-4700 


(612) 835-2414 


(613) 729-0023 


*(215) 643-7790 


*(301) 992-1994 


*(215) 643-7790 


Tennessee 


(514) 697-0804 


Florida 


Massachusetts 


New Mexico 


(205) 536-1506 


(604) 941-7707 


(305) 855-0843 
(305) 724-6795 


*(617) 329-4700 
Michigan 


(505) 828-1300 
*(303) 590-9952 


(615)459-0743 
Texas 


Mexico 

*(617) 329-4700 


(813) 963-1076 


(313) 559-9700 


New York 

(516) 673-1900 


*(214) 231-5094 




Georgia 




(716) 425-4101 






(404) 449-7662 










Hawaii 










*(714) 641-9391 











* Analog Devices, Inc. Direct Sales Offices 
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International 



Australia 

(03)5750222 
(02)8888777 
(619)2422000 

Austria 

*(222)885504 

Belgium 

*(3)2371672 

Brazil 

(11)531-9355 

Denmark 

*(2)845800 

Finland 

(0)8041041 

France 

*(1)46873411 

*(76)222190 

*(61)408562 

*(99)535200 

*(83)515200 

Holland 

^(1620)81500 

Hong Kong 

(5)8339013 



India 


Mexico 


(212)53880 


(83)351721 


(11)611823 


(83)351661 


(812)560506 


New Zealand 


Ireland 


(9)592629 


*(932)232222 
(United Kingdom) 


Norway 

(3)847099 


Israel 

*(052)911415 
*(052)914461 


People's Republic 
of China - Beijing 

(1)890721, Ext. 120 


Italy 

*(2)6883831 

^(6)8393405 

*( 11)6504572 

(2)9520551 

(51)555614 


Romania 

*(222)885504 
(Austria) 

Singapore 

(65)2848537 


(49)633600 


South Africa 


(6)390083 


(11)882-1300 


(11)599224 
(55)894105 


Spain 

(1)7543001 


Japan 


(3)3007712 


*(3)2636826 
*(6)3721814 


Sweden 

^(8)282740 


Korea 




(82)7841144 




Malaysia 

*(61 7)329-4700 





Switzerland 

*(22)315760 
(18)200102 

Taiwan 

(2)5018231 

United Kingdom 

*(932)232222 

*(01)9411066 

*(635)35335 

*(506)30306 

*(021)5011166 

*(0279)418611 

United States of 
America 

*(617) 329-4700 

West Germany 

*(89)570050 

*(4181)8051 

*(721)616075 

*(30)316441 

*(221)686006 

Yugoslavia 

*(222)885504 
(Austria) 



*Analog Devices, Inc. Direct Sales Offices 



WORLDWIDE HEADQUARTERS 

One Technology Way, P.O. Box 9106, Norwood, Massachusetts 02062-9106 U.S.A. 
Tel: (617) 329-4700, TWX: (710) 394-6577; FAX: (617) 326-8703, Telex: 924491 
Cable: ANALOG NORWOODMASS 
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Product Index 



Alpha-Numeric by Model Number 
Model 

AC2626 

ADIOI C 14-4, 

AD108/208/308 C 14-4, 

AD108A/208A/308A C 14-4, 

ADlll/211/311 C 14-4, 

AD202/204 

•AD210 

AD293 C 14-4, 

AD294 C 14-4, 

AD295 

•AD345 

AD346 

AD351 C 14-4, 

AD362 

AD363 

AD364 

AD365 

AD367 

•AD368 

AD369 

AD370/371 C 14-4, 

•AD374 

AD376 

AD380 

AD381 

AD382 

AD389 

AD390 

•AD392 

AD394 

AD395 

•AD396 

AD503 C 14-4, 

AD506 C 14-4, 

AD507 

AD509 

AD510 C 14-4, 

AD515 C 14-4, 

•AD515A 

AD517 

AD518 C 14-4, 

AD521 

AD522 

AD524 

•AD526 

AD528 C 14-4, 

AD530 . . C 14-4, 

AD531 C 14-4, 

AD532 

AD533 C 14-4, 

AD534 

AD535 C 14-4, 

AD536A 

AD537 



Page* Model Page* 

L 10-5 AD538 L 6-23 

L 17-4 AD539 L 6-31 

L 17-4 AD542 L 2-47 

L 17-4 AD544 L 2-47 

L 17-4 AD545 C 14-4, L 17-4 

L 5-7 AD547 L 2-47 

L 5-19 AD548 L 2-55 

L 17-4 •AD549 L 2-63 

L 17-4 •AD557 C 2-41 

L 5-27 AD558 C 2-45 

L 9-5 AD561 C 2-53 

C 6-5 AD562 C 2-57 

L 17-4 AD563 C 2-57 

C 9-5 AD565A C 2-61 

C 9-5 AD566A C 2-61 

C 9-5 AD567 C 14-4, L 17-4 

L 4-7 •AD568 C 2-69 

C 9-17 AD569 C 2-81 

C 3-13 AD570 C 3-39 

C 3-13 AD571 C 3-39 

L 17-4 AD572 C 3-45 

C 3-23 AD573 C 3-53 

C 3-31 AD574A C 3-61 

L 2-15 AD575 C 3-73 

L 2-21 AD578 C 3-81 

L 2-21 AD579 C 3-87 

C 6-11 AD580 C 8-5 

C 2-11 AD581 C 8-9 

C 2-19 AD582 C 6-17 

C 2-25 AD583 C 6-21 

C 2-25 AD584 C 8-15 

C 2-33 AD585 C 6-23 

L 17-4 •AD586 C 8-23 

L 17-4 •AD587 C 8-31 

L 2-27 AD588 C 8-39 

L 2-31 AD589 C 8-51 

L 17-4 AD590 L 10-7 

L 17-4 AD592 L 10-17 

L 2-35 AD594 L 11-5 

L 2-41 AD595 L 11-5 

L 17-4 AD596 L 11-13 

L 4-15 AD597 L 11-13 

L 4-21 AD611 C 14-4, L 17-4 

L 4-25 AD624 L 4-49 

L 4-37 AD625 L 4-61 

L 17-4 AD630 L 9-9 

L 17-4 AD632 L 6-39 

L 17-4 AD636 L 8-11 

L 6-7 AD637 L 8-17 

L 17-4 AD639 L 9-17 

L 6-13 AD642 L 2-75 

L 17-4 AD644 L 2-81 

L 8-5 AD647 L 2-87 

C 4-5 AD648 L 2-93 



*C=^Data Conversion Products Databook, D^DSP Products Databook, h = Linear Products Databook. 
•New product since publication of 1986 Data Acquisition Databook Update and Selection Guide. 
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Model Page* 

AD650 C 4-13 

AD651 C 14-4, L 17-4 

•AD652 C 4-25 

AD654 C 4-41 

•AD664 C 2-93 

AD667 C 2-105 

•AD668 C 2-113 

AD670 C 3-93 

AD673 C 3-105 

•AD674A C 3-113 

•AD678 C 3-123 

•AD679 C 3-135 

•AD681 C 6-29 

•AD683 C 6-29 

•AD689 C 8-55 

AD693 L 11-19 

•AD707 L 2-103 

•AD708 L 2-105 

AD711 L 2-107 

AD712 L 2-119 

•AD713 L 2-131 

•AD736 L 8-25 

•AD737 L 8-29 

AD741 Series L 2-133 

•AD744 L 2-137 

•AD746 L 2-149 

•AD767 C 2-117 

•AD770 C 3-147 

•AD790 L 3-5 

AD801 C 14-4, L 17-4 

•AD821 L 2-153 

•AD834 L 6-43 

•AD840 L 2-157 

•AD841 L 2-159 

•AD842 L 2-161 

•AD845 L 2-163 

•AD846 L 2-165 

•AD847 L 2-177 

•AD848 L 2-179 

•AD849 L 2-181 

•AD890 L 9-29 

•AD891 L 9-35 

•AD1139 C 2-125 

•AD1145 C 2-131 

AD1147 C 2-137 

AD1148 C 2-137 

AD1170 C 3-155 

•AD1175K C 3-167 

•AD1332 C 3-175 

•AD1376 C 3-179 

•AD1380 C 3-187 

AD1403/1403A . . C 8-63 

AD2004 C 14-4, L 17-4 

AD2006 C 14-4, L 17-4 



Model Page* 

AD2008 ; C 14-4, L 17-4 

AD2009 C 14-4, L 17-4 

AD2010 L 12-9 

AD2016 C 14-4, L 17-4 

AD2020 .... C 14-4, L 17-4 

AD2021 L 12-11 

AD2022 C 14-4, L 17-4 

AD2023 C 14-4, L 17-4 

AD2026 L 12-13 

AD2033 C 14-4, L 17-4 

AD2036 C 14-4, L 17-4 

AD2037 C 14-4, L 17-4 

AD2038 C 14-4, L 17-4 

AD2040 C 14-4, L 17-4 

AD2050 L 12-15 

AD2051 L 12-15 

AD2060 L 12-17 

AD2061 L 12-17 

AD2070 L 12-19 

AD2071 L 12-19 

AD2700/2701/2702 C 8-67 

AD2710/2712 C 8-71 

AD3554 C 14-4, L 17-4 

AD3860 C 14-4, L 17-4 

AD5200 Series C 3-189 

AD5210 Series C 3-189 

AD5240 C 3-391 

•AD5539 . L 2-183 

AD6012 C 14-4, L 17-4 

AD7110 C 14-4, L 17-4 

AD7111 C 2-143 

AD7118 C 14-4, L 17-4 

AD7224 C 2-149 

AD7225 C 2-153 

AD7226 C 2-159 

•AD7228 ' C 2-165 

AD7245 C 2-173 

AD7248 C 2-173 

AD7501 C 7-5 

AD7502 C 7-5 

AD7503 C 7-5 

AD7506 C 7-7 

AD7507 C 7-7 

AD7510DI C 7-9 

AD7511DI C 7-9 

AD7512DI C 7-9 

AD7520 C 14-4, L 17-4 

AD7521 C 14-4, L 17-4 

AD7522 C 14-4, L 17-4 

AD7523 C 14-4, L 17-4 

AD7524 C 2-187 

AD7525 C 14-4, L 17-4 

AD7528 C 2-193 

AD7530 C 14-4, L 17-4 



*C = Data Conversion Products Databook, D = DSP Products Databook, L = Linear Products Databook. 
•New product since publication of 1986 Data Acquisition Databook Update and Selection Guide. 
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Model Page* 

AD7531 C 14-4, L 17-4 

AD7533 C 2-197 

AD7534 C 2-203 

AD7535 C 2-207 

AD7536 C 2-211 

AD7537 C 2-215 

•AD7538 C 2-219 

AD7541 C 14-4, L 17-4 

AD7541A C 2-227 

AD7542 C 2-233 

AD7543 C 2-237 

AD7545 C 2-241 

•AD7545A C 2-245 

AD7546 C 14-4, L 17-4 

AD7547 C 2-249 

AD7548 C 2-253 

AD7549 C 2-265 

AD7550 C 14-4, L 17-4 

AD7552 , C 14-4, L 17-4 

•AD7569 C 3-195 

AD7571 C 14-4, L 17-4 

AD7572 C 3-211 

AD7574 C 14-4, L 17-4 

AD7575 C 3-223 

AD7576 C 3-227 

AD7578 C 3-231 

•AD7579 C 3-237 

•AD7580 C 3-237 

AD7581 C 3-253 

AD7582 C 3-261 

AD7590DI C 7-13 

AD7591DI C 7-13 

AD7592DI C 7-13 

•AD7628 C 2-273 

•AD7672 C 3-267 

AD7820 C 3-283 

•AD7821 C 3-295 

AD7824 C 3-305 

AD7828 C 3-305 

AD7845 C 2-277 

•AD7870 C 3-317 

•AD7878 C 3-323 

AD9000 C 3-331 

•AD9002 C 3-337 

•AD9003 C 3-345 

•AD9012 C 3-353 

•AD9500 L 9-41 

•AD9502 C 3-361 

•AD9521 L 7-7 

•AD9610 L 2-199 

•AD9611 L 2-207 

AD9685/87 L 3-9 

•AD9686 L 3-13 

•AD9688 C 3-369 



/ 

Model Page* 

AD9700 C 2-281 

•AD9701 C 2-287 

AD9702 C 2-293 

•AD9703 C 2-297 

AD9768 C 2-301 

•AD96685/87 L 3-17 

AD ADC71/72 C 3-375 

AD ADC80 C 3-383 

AD ADC84/85 C 3-391 

AD ADC-816 C 14-4, L 17-4 

ADC-8S C 14-4, L 17-4 

ADC-IOZ C 14-4, L 17-4 

ADC-12QZ C 14-4, L 17-4 

ADC-14I/17I C 14-4, L 17-4 

ADCllOO C 14-4, L 17-4 

ADC1102 C 14-4, L 17-4 

ADC1105 C 14-4, L 17-4 

ADCIUI C 14-4, L 17-4 

ADC1130/1131 C 3-399 

ADC1133 C 14-4, L 17-4 

ADC1140 C 3-403 

ADC1143 C 14-4, L 17-4 

ADC-QM C 14-4, L 17-4 

AD DAC-08 C 14-4, L 17-4 

AD DAC71/72 C 2-305 

AD DAC80 C 2-309 

AD DAC85 C 2-309 

AD DAC87 C 2-309 

ADG201 C 14-4, L 17-4 

ADG201A C 7-17 

ADG202A C 7-17 

•ADG211A C 7-21 

•ADG212A C 7-21 

ADG221 C 7-25 

ADG222 C 7-25 

•ADG506A C 7-29 

•ADG507A C 7-29 

•ADG508A C 7-37 

•ADG509A C 7-37 

•ADG526A C 7-41 

•ADG527A C 7-41 

•ADG528A C 7-49 

•ADG529A C 7-49 

ADLH0032G/CG L 2-215 

ADLH0033G/CG L 2-219 

AD OP-07 L 2-223 

AD OP-27 L 2-229 

AD OP-37 L 2-237 

•ADREFOl C 8-75 

•ADREF02 C 8-79 

ADSHC-85 C 14-4, L 17-4 

ADSP-1008A D 5-27 

ADSP-1009A D 5-33 

ADSP-IOIOA D 5-39 



*C = Data Conversion Products Databook, D = DSP Products Datahook, L = Linear Products Databook. 
•New product since publication of 1986 Data Acqmsitton Databook Update and Selection Guide 
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Model 



Page* 



Model 



Page* 



ADSP-1012A , 
ADSP-1016A , 
ADSP-1024A , 
ADSP-1080A , 



ADSP-1101 

ADSP-lllOA 

ADSP-1401 

ADSP-1410 

•ADSP-2100 

•ADSP-3128 

•ADSP-320]/02 

ADSP-3210/11 

•ADSP-3212 

ADSP-3220/21 

•ADSP-3222 

•ADSP-7018 

•ADSP-8018 

ADVFC32 

API1620/1718 C 14-4, 

BDM 1615/1616 C 14-4, 

BDM 1617 C 14-4, 

CAV-0920 C 14-4, 

CAV-1040 

CAV-1202 

•CAV-1205 

CAV-1210 C 14-4, 

CAV-1220 

DAC-M C 14-4, 

DAC-QS C 14-4, 

DAC-QZ C 14-4, 

DAC-08 (see AD DAC-08) 

DAC-IOZ C 

DAC71/72 (see AD DAC71/72) 
DAC80 (see AD DAC80) 
DAC85 (see AD DAC85) 
DAC87 (see AD DAC87) 

DAC1009 C 

DAC1106 C 

DAC1108 C 

DAC1132 C 

DAC1136 

DAC1138 



D 5-15 


D 5-21 


D 5-61 


. D 5-5 


D 5-11 


D 5-83 


D 5-69 


. D 3-5 


D 3-25 


D 2-15 


D 4-87 


D 4-51 


. D 4-5 


D 4-85 


. D 4-5 


D 4-85 


D 5-45 


D 5-53 


. C 4-49 


, L 17-4 


, L 17-4 


, L 17-4 


, L 17-4 


C 3-407 


C 3-411 


C 3-415 


, L 17-4 


C 3-419 


, L 17-4 


, L 17-4 


. L 17-4 



14-4, L 17-4 



14-4, 
14-4, 
14-4, 
14-4, 



DAC1146 C 

DAC1420 C 

DAC1422 C 

DAC1423 C 

AS1128 C 

DAS1150 C 

DAS1151 C 

DAS1152 

DAS1153 

DAS1155 C 14-4: 

DAS1156 C 14-4 



14-4, 
14-4, 
14-4, 
14-4, 
14-4, 
14-4, 
14-4, 



, L 


17-4 


, L 


17-4 


, L 


17-4 


, L 


17-4 


C 2-319 


C 2-319 


, L 


17-4 


, L 


17-4 


, L 


17-4 


, L 


17-4 


, L 


17-4 


, L 


17-4 


, L 


17-4 


. C 9-23 


. C 9-23 


, L 


17-4 


, L 


17-4 



DAS1157 C 9-27 

DAS1158 C 9-27 

DAS1159 C 9-27 

DRC1745/46 C 5-7 

DRC1765/66 C 14-4, L 17-4 

DSC1705/06 C 14-4, L 17-4 

DTM1716/17 C 14-4, L 17-4 

HAS-0802 C 14-4, L 17-4 

HAS-1002 C 14-4, L 17-4 

HAS-1201 C 3-423 

HAS-1202/1202A C 3-429 

HAS-1204 C 3-433 

HAS-1409 C 3-437 

HDD-1206 C 2-325 

HDD-1409 C 14-4, L 17-4 

HDG-0407 C 2-335 

HDG-0807 C 2-335 

HDG Series C 2-329 

HDH-0802 C 14-4, L 17-4 

HDH-1003 C 14-4, L 17-4 

HDH-1205 C 14-4, L 17-4 

HDL-3806 C 14-4, L 17-4 

HDM-1210 C 2-339 

HDS-0810E C 14-4, L 17-4 

HDS-0820 C 14-4, L 17-4 

HDS-1015E C 14-4, L 17-4 

HDS-1025 C 14-4, L 17-4 

HDS-1240E C 14-4, L 17-4 

HDS-1250 C 2-345 

HOS-050/050A/050C L 2-245 

HOS-060 L 2-251 

HOS-IOOAH/SH L 2-255 

•HOS-200 L 2-257 

HTC-0300A C 6-33 

HTS-0010 C 6-37 

HTS-0025 C 6-43 

IPA1751 C 14-4, L 17-4 

IPA1764 C 

IRDC1730 C 14-4, 

IRDC1731 C 14-4, 

IRDC1732 C 14-4, 

IRDC1733 C 14-4, 

•LTS-2020 C 12-1, 

MATV-0811 C 14-4, 

MATV-0816 C 14-4, 

MATV-0820 C 14-4, 

MCI1794 C 14-4, 

MDA-IOZ C 14-4, 

MOD-1005 C 14-4, 

MOD-1020 C 14-4, 

MOD-1205 C 3-443 

OSC1754 C 14-4, L 17-4 

OSC1758 C 5-17 

RDC1721 C 14-4, L 17-4 



C 5-15 


L 


17-4 


L 


17-4 


L 


17-4 


L 


17-4, 


L 


15-1 


L 


17-4 


L 


17-4 


L 


17-4 


L 


17-4 


L 


17-4 


L 


17-4 


L 


17-4 



*C = Data Conversion Products Databook, D^DSP Products Datahook, 1. = Linear Products Datahook. 
•New product since publication of 1986 Data Acquisition Datahook Update and Selection Guide. 
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RDC1740/1741/1742 C 5-19 

RTM Series C 14-4, L 17-4 

SAC1763 C 14-4, L 17-4 

SBCD1752/53 C 14-4, L 17-4 

SBCD1756/57 C 14-4, L 17-4 

SCDX1623 C 14-4, L 17-4 

SCM1677 C 14-4, L 17-4 

SDC1604 C 14-4, L 17-4 

SDC1700/RDC1700 C 14-4, L 17-4 

SDC1702/RDC1702 C 14-4, L 17-4 

SDC1704/RDC1704 C 14-4, L 17-4 

SDC1711/RDC1711 C 14-4, L 17-4 

SDC1721 C 14-4, L 17-4 

SDC1725/RDC1725 C 14-4, L 17-4 

SDC1726/RDC1726 C 14-4, L 17-4 

SDC1740/1741/1742 C 5-19 

SDC1768/RDC1768 C 14-4, L 17-4 

SHA-IA C 14-4, L 17-4 

SHA-2A C 14-4, L 17-4 

SHA-4 C 14-4, L 17-4 

SHA-5 C 14-4, L 17-4 

SHA-1114 C 14-4, L 17-4 

SHA-1134 : C 14-4, L 17-4 

SHA1144 C 14-4, L 17-4 

SSCT1621 C 14-4, L 17-4 

STM Series C 14-4, L 17-4 

TSL1612 C 14-4, L 17-4 

•1B21 L 11-31 

•1B22 L 11-35 

•1B31 L 11-37 

•1B32 L 11-45 

•1B41 L 11-53 

•1B51 L 11-55 

1S14 C 5-25 

1S20 C 5-33 

1S24 C 5-25 

1S40 C 5-33 

1S44 C 5-25 

1S60 C 5-33 

1S61 : . C 5-33 

1S64 C 5-25 

1S74 C 5-41 

2B20 L 11-59 

2B22 L 11-63 

2B23 L 11-67 

2B24 C 14-4, L 17-4 

2B30 L 11-71 

2B31 L 11-71 

2B34 C 14-4, L 17-4 

2B35 C 11-1, L 14-1 

2B50 L 11-77 

2B52 C 14-4, L 17-4 

2B53 C 14-4, L 17-4 

2B54 L 11-81 



Model Page* 

2B55 L 11-81 

2B56 C 14-4, L 17-4 

2B57A-1 C 14-4, L 17-4 

2B58A C 14-4, L 17-4 

2B59A C 14-4, L 17-4 

2B Series L 11-87 

2S20 C 14-4, L 17-4 

2S50 C 5-49 

•2S54 C 5-51 

•2S56 C 5-51 

•2S80 C 5-59 

•2S81 C 5-71 

•2S82 C 5-83 

3B Series L 11-89 

4B Series L 11-93 

•5B Series L 11-95 

•5S70 C 5-85 

•5S72 C 5-85 

40 C 14-4, L 17-4 

43 C 14-4, L 17-4 

44 C 14-4, L 17-4 

45 C 14-4, L 17-4 

46 C 14-4, L 17-4 

48 C 14-4, L 17-4 

50 C 14-4, L 17-4 

51 C 14-4, L 17-4 

52 C 14-4, L 17-4, 

118 C 14-4, L 17-4 

141 C 14-4, L 17-4 

165 C 14-4, L 17-4 

171 C 14-4, L 17-4 

183 C 14-4, L 17-4 

230 C 14-4, L 17-4 

232 C 14-4, L 17-4 

233 C 14-4, L 17-4 

234 C 14-4, L 17-4 

235 C 14-4, L 17-4 

260 C 14-4, L 17-4 

261 C 14-4, L 17-4 

272 C 14-4, L 17-4 

273 C 14-4, L 17-4 

275 . C 14-4, L 17-4 

276 C 14-4, L 17-4 

277 C 14-4, L 17-4 

284J L 5-33 

285 C 14-4, L 17-4 

286J/281 L 5-39 

288 C 14-4, L 17-4 

289 L 5-45 

290A/292A L 5-51 

310 C 14-4, L 17-4 

311 C 14-4, L 17-4 

424 C 14-4, L 17-4 

426 C 14-4, L 17-4 



*C^Data Conversion Products Datahook, T> = DSP Products Databook, L = Linear Products Databook. 
•New product since publicarion of 1986 Data Acquisition Databook Update and Selection Guide. 
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Page* 



Model 



Page* 



428 C 14-4, L 17-4 

429 C 14-4, L 17-4 

432 C 14-4, L 17-4 

433 C 14-4, L 17-4 

434 C 14-4, L 17-4 

435 C 14-4, L 17-4 

436 C 14-4, L 17-4 

440 C 14-4, L 17-4 

442 C 14-4, L 17-4 

450 C 14-4, L 17-4 

451 C 4-53 

452 C 14-4, L 17-4 

453 C 4-53 

454 C 14-4, L 17-4 

456 C 14-4, L 17-4 

458 C 14-4, L 17-4 

460 C 14-4, L 17-4 

606 C 14-4, L 17-4 

610 C 14-4, L 17-4 

752 C 14-4, L 17-4 

755/759 L 7-11 

756 C 14-4, L 17-4 

757 L 7-15 

902/902-2 C 11-1, L 14-1 

903 C 14-4, L 17-4 

904 C 11-1, L 14-1 

905 , C 11-1, L 14-1 

906 C 14-4, L 17-4 

915 C 14-4, L 17-4 

920 C 11-1, L 14-1 

921 C 11-1, L 14-1 

922 C 11-1, L 14-1 



923 C 11-1 

925 C 11-1 

926 C 14-4 

927 C 11-1 

928 C 11-1 

940 C 11-2 

941 C 11-2 

943 . C 11-2 

944 C 14-4 

945 C 11-2 

946 C 14-4; 

947 C 14-4. 

949 C 11-2 

951 C 11-2 

952 C 11-1 

953 C 11-2 

955 C 11-1 

958 C 11-2 

959 C 14-4 

960 C 11-2 

962 C 11-2 

964 C 11-2 

965 C 11-2 

966 C 11-2 

967 C 11-2 

968 C 14-4. 

970 C 11-1 

972 C 11-1 

973 C 11-1 

974 C 11-1 

975 .. C 11-1 

976 C 11-1 



, L 


14-1 


, L 


14-1 


, L 


17-4 


, L 


14-1 


, L 


14-1 


, L 


14-2 


, L 


14-2 


, L 


14-2 


, L 


17-4 


, L 


14-2 


, L 


17-4 


, L 


17-4 


, L 


14-2 


, L 


14-2 


, L 


14-1 


, L 


14-2 


, L 


14-1 


, L 


14-2 


, L 


17-4 


, L 


14-2 


, L 


14-2 


, L 


14-2 


, L 


14-2 


, L 


14-2 


, L 


14-2 


, L 


17-4 


, L 


14-1 


, L 


14-1 


, L 


14-1 


, L 


14-1 


, L 


14-1 


, L 


14-1 



*C = Data Conversion Products Databook, D = DSP Products Databook, L = Linear Products Databook. 
•New product since publication of 1986 Data Acquisition Databook Update and Selection Guide. 
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